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INTRODUCTION

Adenocarcinomas of the prostate (PCa) that occur in African Americans (AAs) are reported to have a worse prognosis
than PCas occurring in European Americans (EAs); however, the molecular causes as to this increased aggressiveness of
PCas in AAs has not been identified or studied adequately. We hypothesize that the different molecular characteristics of
PCas could be used in determining aggressiveness or clinical outcome (prognosis) based on race and/or ultimately for
targeting by novel therapies, biomarkers and/or their signal transduction pathways.

Our first approach is to identify biomarkers in PCa that are expressed differentially based on analysis of PCas from AAs
compared to those from EAs and to evaluate those that are more likely to be associated with aggressive features of PCas.
Initially, proteins, mRNA and DNA will be extracted from nitrocellulose blots of biopsies of the prostate which are being
collected at UAB and Urology Centers of Alabama (UCA). Racial admixture studies (SNPs and mitrochondrial DNA)
will be used to modify self declared race. Then, the blots of PCa of the prostate will be analyzed by Affymetrix assays
performed to identify genes that vary with race in PCa and that are associated with aggressive features (e.g., Gleason
scores > 7). These results will be confirmed in an independent set of samples by RT-Q-PCR. Similarly, proteins
associated with racial differences and/or aggressiveness will be identified by liquid chromatography mass spectrometry
(LCMS) and by multiplex immunoassays (Luminex technology). These proteomic assays will be performed on serum (or
plasma) and urine. Separately, samples from 150 AAs and 150 EAs who are undergoing evaluation for prostate diseases
and are age matched (+ 5 years) will be analyzed for racial admixture to characterize racial characteristics of the Alabama
male population with diseases of the prostate.

After these initial discovery studies, an independent set of samples from biopsies of the prostate will be used to verify
molecular features that have been identified to be expressed differentially in AAs vs. EAs and that also are associated with
aggressiveness in AAs. Molecular features that meet these criteria will be analyzed by RT-Q-PCR, multiplex
immunoassays, and mass spectrometry to confirm the preliminary results.

BODY

Administrative: In 2013, multiple administrative issues were successfully resolved; some of these had delayed
components of our studies of racial differences in the aggressiveness of prostate cancers. These administrative delays
were associated with Dr. Gaston’s move to Tufts University (TU) and the associated changes that were necessary to move
forward with specific areas of the grants. Specifically, all IRBs at UAB, TU and Urology Centers of Alabama were
approved and/or renewed. The approvals of the IRB at TU permitted materials transfer agreements (MTAs) to be
developed and approved between UAB and TU. The grants of Dr. Gaston and Dr. Grizzle were extended at no cost until
6/30/2015.

Dr. Grizzle participated in several DOD initiatives. Specifically, he continues to be a consultant to the DOD Prostate
Cancer Tissue Repository and he participated in the symposium “Validating Tissue Biomarkers in Primary and Metastatic
Prostate Cancer” organized by this group in Orlando, Florida in February 2013. In addition, he is a participating member
of the External Advisory Committee of the DOD Repository of Lung Cancer.

Also of note, Dr. Gaston has been appointed as Scientific Director of the Tufts Medical Center Tissue Repository
beginning October 2013. She was a speaker at the Cambridge Healthtech Institute Annual Sample Prep and Target
Enrichment in Molecular Diagnostics conference in April 2013 and participated in the Institute for International Research
Biorepositories and Sample Management Conference in September 2013.

Specific Progress and Results: Racial Differences in Epigenetics and Post-Transcriptional Regulation of Proteins:
Enough studies are now available to indicate that many features of cancer are not caused by the germ line genomic
sequences. Two areas upon which we are focusing are the post-transcriptional regulation of signals that affect the
development and progression of cancer and epigenetic regulation of gene expression in PCa (1, 2). One focus in these
studies is on small RNAs that regulate mRNAs either to increase or to decrease specific proteins. Of these, microRNAs
(miRs) are the best characterized (1-3). Initially, our laboratories are collaborating with the laboratory of Dr. Clayton
Yates at Tuskegee University in characterizing racial differences in microRNAs. To date, we have microdissected 34
paired samples (34 cancers and 34 uninvolved) of PCa from AAs and 34 similarly paired samples of PCa from EAs.
RNA (mRNA and microRNA) has been extracted from these samples and provided to Dr. Yates’ laboratory who screened
these to identify miRs which are expressed differentially in AA versus EA cases. To date, 39 of these cases have been
analyzed as a learning set (one case has to be repeated). Of interest, 11 miRs were differentially expressed between PCa
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and uninvolved samples with p values adjusted for multiple comparisons ranging from 0.009 to 3.5x e-05. These are listed
in Table 1 (4).

Of these miRs, we initially focused on miR-152 which is decreased in most specimens 14/20 from AAs and 13/19 in EAs
(Figure 1). The decreased levels of miR-152 was found to be correlated with increased metastasis and biochemical
recurrence. These data have been combined in studies of cell lines and additional PCa primary and metastatic tumors
using in silico analysis and laboratory studies at Tuskegee of selected PCa cell lines. MiR-152 was found to bind and
down regulate DNA (cytosine 5) methyltransferase 1 (DNMT1) and there appears to be a feedback loop between the
expression of DNMT1 and miR-152. These results have been incorporated into a manuscript “Genome-wide microRNA
profiling of novel African American and Caucasian prostate cancer cell lines reveals that miR-152 is silenced by DNA
methylation” by Theodore et. al. which has been submitted for review (4).

Prostate Cancer Tissue Biomarkers: We have prospectively enrolled 63 study subjects for our gene expression studies
in which we utilize innovative tissue print techniques to obtain snap-frozen “touch prep” samples from the diagnostic
prostate biopsy cores. Based on self-identified ancestry, 40 of these men (63%) are Black/AA, 22 (35%) are White/EA
and 1 (2%) are “other”. As of September 2013, prostate biopsy tissue samples from all 63 study subjects have been
transferred from Dr. Grizzle’s laboratory to Dr. Gaston’s laboratory for analysis. These samples include 12 nitrocellulose
blots on each of 21 AA cases collected from Urology Centers of Alabama (total of 252 blots) and 12 blots per case on 19
AA cases, 22 EA cases and 1 “other ancestry” case collected at UAB (total of 504 blots). The age distribution of these 63
subjects is similar to that observed in other prostate biopsy cohorts in the USA. The proportion of subjects with benign
biopsy findings, low grade prostate cancer and high grade prostate cancer is similar in our self identified AA and EA
groups.

Detailed biopsy pathology reports are available for all 63 study subjects enrolled to date. As expected, approximately 55-
60% of our prospectively enrolled cohort was diagnosed with cancer on biopsy and the proportion of subjects who were
diagnosed with low grade (Gleason 3+3) and high grade (Gleason 7 or more) cancer is similar in each racial group. Based
on the prostate biopsy pathology reports, 10 of our subjects (2 EA and 8 AA) would be considered good candidates for
Active Surveillance as opposed to immediate treatment. Nationally, there are concerns that the criteria being developed
for selecting patients for Active Surveillance may not be appropriate for AA men, given their higher risk for aggressive
prostate cancer. Based on our findings that epigenetic DNA methylation markers may be useful for identifying patients
with occult high grade prostate cancer that has been missed due to biopsy sampling error (see section “Related Studies to
Support This Grant™), we plan to incorporate a subset of our UAB and UCA study subjects into a pilot study comparing
methylation marker field effects in AA and EA prostate biopsy patients.

One of our primary project goals is to obtain gene expression data from high grade prostate cancers that are not treated
surgically and for that reason are not available in conventional tissue repositories that depend upon radical prostatectomy
specimens. We have collected biopsy tissue prints from both AA and EA subjects that clearly represent this high risk
patient population. Figure 1 shows a summary diagram of the biopsy report of one such study subject, a 71 year old AA
diagnosed with a Gleason 10 grade prostate cancer involving most of the left side of the gland. Our biopsy tissue print
samples provide a unique source of high quality RNA and DNA for molecular analysis of such high risk prostate cancer
patients who would not have tissue available from radical prostatectomies. We are utilizing this resource for both
transcriptional and epigenetic biomarker analysis.

Figure 1. Diagrammatic summary of biopsy pathology report for study subject P455 (self
identified AA, age 71 at biopsy). Consistent with current clinical practice, this individual’s
large, very high grade prostate cancer was treated with hormonal therapy and radiation. If
we had not collected biopsy tissue prints for this case, frozen tissues would not have been
available for research because all biopsies would have been processed into paraffin blocks
and no tissue would have been available from a radical prostatectomy.




Dr. Gaston’s laboratory has completed DNA purification for ancestry genotyping for all 63 subjects enrolled in the biopsy
tissue print collection study. Because the tissue prints are snap frozen samples, analysis of DNA ancestry markers is
straightforward. DNA ancestry marker analysis by autosomal SNP genotyping is in progress in Dr. Rick Kittles laboratory
in Chicago and genotyping has been completed for 12 of these 63 subjects. A pilot analysis of mitochondrial ancestry
informative (haplogroup) sequences in which PCR amplicons of HSVIII segments were obtained from biopsy tissue print
DNA and sent to SeqWright Laboratories for sequencing has also been successfully completed.

The ancestry informative marker panel utilized by Dr. Kittles laboratory provides estimates the % autosomal ancestry
from West African, European and Native American lineages. For the subjects for whom genotyping is completed, we
observe that 10 of the 12 show ancestry markers highly consistent with self identified ancestry (>85% match to the self-
identified ancestry), 1 of the 12 showed significant ancestry admixture and the individual self-identified as “other” could
be assigned to an ancestry group (>93% match). This data is critical as we move ahead to assign our subjects to specific
groups for the mRNA profiling studies.

SNP genotyping is also in progress for the FFPE specimens that will be used for our admixture prevalence analysis. It is
widely recognized that DNA recovered from FFPE tissues can be more difficult to analyze due to degradation and we
have undertaken careful preliminary studies to evaluate the quality of the DNA recovered from our DNA specimens. We
are pleased to report that 100% of our pilot test FFPE DNA samples were fully genotyped by the Kittles laboratory. This
marks an important project milestone and allows us to move forward with the full set of prevalence study samples.

Multiplex Immunoassays: Multiplex immunoassays permit concomitant assays of up to 100 individual antigens on one
specimen, and hence, represent an excellent approach to screening for potential protein biomarkers in prostate cancer. Of
special interest in multiplex assays are biomarkers that are associated with aggressiveness and vary with race.

We became interested in the roles of cytokines in prostate cancer based upon the observation of Veltri et. al. (5, 6) that
higher serum levels of interleukin 8 are more useful than PSA in identifying cases of prostate cancer. This was of special
interest because UAB had previously identified that interleukin 8 (il-8) and il-6 were increased in patients with pancreatic
cancer. Thus, we began by evaluating several commercial multiplex immunoassays of serum from patients with and
without prostate cancer. Our initial studies of two commercial kits (Millipore) measured multiple cytokines (Cytokine 27
antigen) panel and tumor markers (16 antigens). However, many of the measurements of specific cytokines in serum
and/or plasma from patients with and without PCa were below levels of detection. Unfortunately, we were unable to
obtain adequate support from Millipore as to the sensitivity of the kits so we shifted to multiplex immunoassay kits
developed by BioRad which is the manufacturer of our multiplex Luminex immunoassay system (BioPlex) and which
maintains this system. BioRad has proven to be much more responsive to the issues raised as to their assays.

In this report period, we worked with BioRad 1) to evaluate how our multiplex system functions. This initial evaluation
identified a problem with our automated plate washer which has been repaired and the software used in analysis of the
BioPlex assays was updated and upgraded. 2) After repairs, the BioRad assays kits were evaluated on prior samples that
have been run on the system to ensure that there was adequate sensitivity of these kits. These assays were run in
conjunction with the on-site training at UAB of a new BioRad engineer in multiplex-Luminex technology by the Chief
Engineer of BioRad and the Technical Representative of BioRad for UAB. Specifically, in these assays, results in serum
and plasma pairs from the same patient were evaluated as well as some samples previously analyzed. The Chief Engineer
and Technical Representative were both very pleased with the final function of our instrumentation and new software and
the knowledge and performance of our technologist who performed the assay; 3) performed and analyzed multiplex
assays on urines from patients with PCa.

Each individual cytokine varies as to its levels as measured in serum versus plasma. Of importance, measurements of
levels in different bodily fluids (e.g., serum and plasma) can be mixed in one BioPlex assay depending on the range of
concentrations in each bodily fluid. Thus, il-8 levels in serum can be measured together with il-6 levels in plasma in the
same BioPlex assay. Nevertheless, this is not an efficient approach to multiplex assays because all cytokines are not
measured in one sample and it would be preferable to measure all molecules of interest in a single sample of bodily fluid.
Therefore, we evaluated the 27 plex cytokine assay in samples of urine from patients with and without a diagnosis of PCa.
The 27 plex assay from BioRad was run on matched serum and plasma samples from 10 patients with PCa and 6 patients



without PCa, and separately on urine samples from 20 patients with elevated PSA but without PCa on biopsy and 15
patients with elevated PSA and biopsy proven PCa.

The population being evaluated by Luminex (i.e., BioPlex) technology to identify racial differences in PCa is challenging
in that only patients being evaluated for PCa are included. Thus, there is no normal group because such cases are too easy
a comparison and would not represent a true, real medical sample comparison, i.e., usually normal individuals without
elevated PSA and/or symptoms are not elevated for prostate cancer. Most of the patients have elevated levels of PSA and
are divided into two primary groups — patients with biopsy proven PCa and patients in which PCa was not identified on
biopsy. Also, excluded from both groups are patients with other malignancies and/or with high grade PIN on biopsy but
no identified invasive PCa. Patients with PIN are not at much greater risk for invasive PCa. Thus, in these studies, the
major problem is that some patients with elevated PSA with no tumor on initial biopsy actually may have PCa that was
missed on biopsy. Thus, when samples of bodily fluids are obtained, the PCa group is well defined but the group with
elevated PSA but no tumor on biopsy remains not well characterized as to the absence of PCa, because some cases of PCa
are relatively indolent as to their speed of progression and are difficult to detect and because some patients evaluated for
PCa may have other undiagnosed tumors (e.g., one had aggressive a lymphoma diagnosed subsequently).

These studies demonstrated the following generalizations:

1. Most cytokine related molecules are expressed at higher levels in plasma than in serum. These include G-CSF
and il-13. However, some cytokine related molecules are expressed at higher levels in serum, e.g., MIP-1.
2. In general, urine values of cytokine molecules are lower than serum or plasma values.

There are multiple issues that have been raised by our multiplex immunoassay studies of cytokine related molecules:

1. The initial biopsy performed immediately following obtaining the blood and urine samples sometimes missed the
PCa which was identified subsequently on further evaluation. We are now reviewing the patient histories of all
samples of bodily fluids of the patients diagnosed as not having cancer.

2. There is a large variability of levels of cytokine related molecules in both the PCa and non-PCa samples. Some of
the variability in PCa cases may be due to the extent of disease, and in the PCa and non-PCA cases to the extent
of inflammation.

In the study of serum versus plasma using the 27 plex assays, we identified G-CSF, il-13 and MIP-1f as having elevated
levels in both plasma and serum of cancer cases.

Even with this problem with the definition of “controls,” based on prior studies, three other molecules seem to be elevated
in the PCa group and these elevations are consistent with elevations seen in other tumors. These are epidermal growth
factor (EGF x 1.9 in tumors), solable Fas ligand (sSFASL x 4.6 in tumors), and carcinoembryonic antigen (CEA x 1.3 in
tumors).

Based upon the BioRad and Millipore assays, sFASL, EGF, CEA, il-13, G-CSF and MIP-1p are potential molecules of
interest based upon increased levels in cases of cancer. Alternatively, though less attractive are free PSA, He4, il-1a, il-1b
and TGFp which are relatively increased in patients without PCa. We will repeat results and set up an assay based on race
to clarify further molecules of interest.

In the last year, we have been working with Dr. James Mobley and our proteomics facility in obtaining new cutting edge
mass spectrometry equipment. This equipment has been installed, tested and is ready to run specimens of this project.
Specifically, we will be using this latest instrumentation in mass spectrometry to survey the global proteome extracted
from the clinical prostate specimens (frozen, FFPE, and bodily fluids). This includes a new complete 1260 nano-HPLC
system with autosampler from Agilent in-line with a Hybrid Orbitrap Velos Pro mass spectrometry system from Thermo.
The configuration includes a 20cm x 75u I.D. column that separates trypsin peptide digests using an optimized 3 hour
gradient. This generally produces well over 1000 proteins with a single injection from as little as 500ng of protein extracts
from tissue specimens. With this combination we can ID more unique proteins within a single experiment than any other
mass spectrometer on the market. The informatics used to drive the analysis include a newly purchased top of the line
high speed server from Dell, tied to a 1000 node cluster. Unique programs used for quantitative analysis include Refiner
MS from Genedata, which allows the lining up of all 1D LCMS runs by 2D time and mass tags (AMT), whereby each
peptide is quantified as the area under the curve, and normalized across each independent run, to then be compared across
an entire set of samples.



Studies Related Studies to Support This Grant:

In our quarterly progress reports for this year, we noted an opportunity to collaborate with Dr. Clayton Yates at Tuskegee
University in an evaluation of racial differences in selected microRNAs in prostate cancer. This collaboration, as
discussed, has been very successful. This collaboration will particularly focus on patients with high grade prostate cancer,
to take advantage of our access to samples from patients from whom no tissue is available from radical prostatectomies.
After consultation with the technical support staff at two different companies (Qiagen and Zymo), we are testing an
updated version of two different DNA/RNA nucleic acid preparation kits that should allow for better recovery of
microRNAs in the purified RNA prepared from our biopsy tissue print samples.

In our quarterly progress reports for this year we also described a study initially supported in part by the NCI Early
Detection Research Network (EDRN) in which we have used tissue prints of diagnostic prostate biopsies to determine if
the field effects generated by cancer-associated DNA methylation might serve as a useful test for the presence of occult
prostate cancer in the tissues adjacent to the biopsy core. Many studies have shown that tumor-associated changes in DNA
methylation can act as biomarkers for the presence of prostate cancer. We have identified three DNA hypermethylation
markers (GSTPi, APC and RASSF1A) with field effects that extend far enough around the histological boundary of a
prostate cancer focus to be detected in a biopsy core several millimeters away. Importantly, we found that both the
magnitude and the extent of field-effect hypermethylation are sensitive to the grade of the adjacent prostate cancer. Dr.
Gaston’s laboratory has now extended these studies with an analysis of prostate biopsies from more than 90 subjects to
evaluate a methylation marker “signature” that is sensitive to the presence of high grade prostate cancer in adjacent tissues
(cancer that was missed due to biopsy sampling error). These data are summarized in Table 3 and were presented at the
February 2013 ASCO Genitourinary Symposium (the published abstract from this meeting is attached to this annual
progress report).

Future Directions:

In addition to completing the plan of work for this DOD project, we have made a commitment to collecting and
annotating our set of study samples as a resource for future health disparities research. It should be noted that all of our
study samples will be genotyped for ancestry informative markers in an IRB approved manner. Our prospectively
collected biopsy tissue print samples, which produce high quality RNA and DNA from the entire clinical range of biopsy
patients (men diagnosed with no cancer, active surveillance and high risk cancer) are being processed to support mRNA,
miRNA and DNA analysis of both tumor and adjacent uninvolved tissues. In this next quarter, we will develop a
prototype database that can track each of the biopsy tissue prints (currently 756 from 63 study subjects) and our genotyped
FFPE prostate cancer patient specimens to maximize their use for this and future projects.

Post-transcriptional and Epigenetic Regulation: We plan to analyze, together with Dr. Yates’ laboratory, up to 100
cases of PCa from AAs versus EAs for differential expression of microRNAs based upon race. Each case will be
macrodissected. Each of the miRs that have different expression in AAs will be analyzed independently for its gene
targets and for the effects of changing the levels of the miR on aggressive features (e.g., control of cellular death,
proliferation, cellular mobility and invasion). Of interest, miR-152 was found to be downregulated via methylation of its
promoter and to have a feedback regulatory loop with its mRNA target, DNMT1, a methyltransferase. Features of
aggressiveness also were correlated inversely with the phenotypic expression of miR-152. The next miR that will be
explored will be miR-132. Epigenetic regulation of all mRNAs also is being evaluated.

Study of Racial Admixtures in Patients Evaluated for Prostate Diseases: Because of new techniques in extraction of
DNA and RNA from paraffin sections, new paraffin sections had to be cut from the 300 cases of prostate tissues (150 AA
and 150 EA) from patients who were elevated and/or treated for prostate diseases. This was necessary to reduce the
paraffin being carried over into assays when paraffin sections were cut from blocks and put into microfuge tubes rather
than mounted on glass slides. Recutting paraffin sections (five 12 sections per block) and mounting them on microscope
slides has been completed for over 200 cases of the 300 cases needed. The remainder of cases will be cut in the next
quarter. Dr. Kittles’ laboratory will complete the racial admixture studies on the remaining 51 patients from whom
nitrocellulose blots have been obtained (63) to date and will begin analyzing the DNA from FFPE tissues.

KEY RESEARCH ACCOMPLLISHMENTS



e Identified microRNAs that were differentially expressed in prostate cancer from AAs and EAs (table 1).
Demonstrated that miR-152 is epigenetically downregulated by methylation and its target, DNA
methyltransferase 1 (DNMT1), has a feedback loop with miR-152. Decreased expression of miR-152 is
associated with aggressive cases of PCa (e.g., metastatic and recurrent as well as increased invasion and
proliferation).

o Completed a pilot study of the expression of 27 cytokines in urine specimens from 35 patients with and without
PCa and a comparison of 27 cytokines as to their differential expression in serum versus plasma in 16 patients
with and without PCa.

e Macrodissected paraffin blocks and extracted RNA and DNA from paraffin sections from 14 pairs of PCa and of
matching uninvolved prostate from AA patients and 14 similar pairs from EA patients. Provided these RNAs to
Dr. Yates for studies of microRNA and mRNA.

e Recut paraffin tissue sections for extraction of DNA from 200 cases (100 AA and 100 EA) for admixtures in
patients being evaluated for prostate diseases.

e To date, 756 nitrocellulose blots have been obtained from 63 men undergoing biopsies (12 per patient). The DNA
on these patients has been extracted. The racial admixture based on DNA for 12 of the 63 cases has been
analyzed. Out of the 12 specimens analyzed, 1 unknown was assigned to a racial group and 1AA case had a
significant EA component.

REPORTABLE OUTCOMES

o All administrative issues have been resolved. All IRB approvals and/or renewals have been completed for UAB,
TU and UCA. Material transfer agreements developed and approved between UAB and TU.

e Preliminary study of racial differences in microRNAs of PCa completed. Manuscript submitted.

e Several review manuscripts associated with this grant are published and/or in press (listed in body and included in
appendix).

e Dr. Gaston presented at the 2013 ASCO Genitourinary Symposium (attached) discussing the field effects due to
methylation of DNA promoters based on biopsies.

Problems and Challenges: The major problems during this year were administrative. These included IRB approvals
which have been obtained and the development of material transfer agreements which are complete. Recent changes in
health care funding have reduced the number of biopsies performed at UCA outpatient site and biopsies from African
Americans are now being performed at UCA hospital facilities. Also, a research nurse was lost at the UCA outpatient
facility and a new research nurse had to be trained. A new research nurse has been trained and biopsies are again being
obtained, but the sites where biopsies are now available from African Americans have now shifted to less convenient and
more widely dispersed sites. Nevertheless, we do not expect problems in obtaining blots of biopsies from AA patients for
this study.

CONCLUSION
Our initial administrative issues have been resolved.

The study of racial differences in microRNAs in prostate cancer including the association of miRs with aggressive
subtypes of PCa has proven to be an important and successful area of study. Of these, miR-152 is associated with
aggressive features of PCa. Of interest, specific miRs that are differentially decreased in PCa may be epigenetically down
regulated via methylation.

The study of cytokines and tumor biomarkers using multiplex immunoassays has proven challenging due to difficulties in
the identification of true controls. Cytokines have been quite variable in controls probably because some have
unidentified PCa, another crytogenic neoplastic process, or extensive inflammation, all of which may increase specific
cytokines. In addition, there seems to be inconsistencies with measurements of specific cytokines using commercial assay
kits from different companies (e.g., Millipore vs. BioRad vs. R&D). Our instrumentation with upgraded software is now
functioning optimally and several putative biomarkers that are relatively increased or decreased in PCa have been
identified and are being evaluated in other sample sets for which the clinical histories of each control patient is being
reevaluated for the immediate period after samples were obtained. These biomarkers include EGF, sFASL, CEA, il-13,
G-CSF and MIP-18.



DNA and RNA has been extracted from 63 patients and racial admixtures has been determined on 12 of these patients in
the Kittles laboratory. The racial admixture study was significantly different from declared race in 2 of these 12 patients.

Our methodology has demonstrated that DNA can be extracted from formalin fixed paraffin embedded tissues. In our
pilot study, 100% of our cases yielded DNA which can be used in genotyping. DNA is now being extracted from the
paraffin blocks of biopsies and other prostate tissues; the DNA and protein are being genotyped and the proteome is being
analyzed by mass spectrometry (8).

In summary, our team of investigators is successfully working on all our specific aims in this project.
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12(22):3393-402. PMCID:PMC3656494.



SUPPORTING DATA

Table 1
MicroRNA (Adjusted) p-value P

hsa-miR-363 3.43e-05
hsa-miR-132 0.000354
hsa-miR-376b 0.00188
hsa-miR-410 0.00291
hsa-miR-152 0.00471
hsa-miR-189 0.00498
hsa-miR110 0.00514
hsa-miR-27b 0.00657
hsa-miR-519c 0.0071

hsa-miR-520h 0.00774
hsa-miR-27a 0.00837
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Fig 3
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Table 2

Epigenetic Methylation in Benign Biopsy Cores:
No Cancer Controls vs Cases with Cancer Elsewhere in the Gland

Below Test Cut-offs for

Above Test Cut-offs

Above Test Cut-offs

Above Test Cut-offs

All 3 Markers All 3 Markers Any Cores, Any Marker | 1-2 Cores, Any Marker | 3+ Cores, Any Marker
N % % N % N %
Group 1 (N=20) 11 55.0% 9 45.0% 7 35.0% 2 10.0%
Group 2 (N =34) 10 29.4% 24 70.5% 16 47.0% 8 23.5%
Group 3 (N=21) 4 19.0% 17 81.0% 4 19.0% 13 62.0%
APC Above Test APC Above Test APC Above Test

Below Test Cut-off APC

APC Cut-off Any Cores Cut-off 1-2 Cores Cut-off 3+ Cores

N % N % N % N %
Group 1 (N =20) 16 80.0% 4 20.0% 4 20.0% 0 0.0%
Group 2 (N =34) 18 53.0% 16 47.0% 9 26.5% 7 20.6%
Group 3 (N=21) 5 23.8% 16 76.2% 5 23.8% 11 52.4%
Below Test Cut-off GSTPi Above Test GSTPi Above Test Cut- GSTPi Above Test

GSTPi GSTPi Cut-off Any Cores off 1-2 Cores Cut-off 3+ Cores

N % N % N % N %
Group 1 (N =20) 18 90.0% 2 10.0% 2 10.0% 0 0.0%
Group 2 (N =34) 24 70.6% 10 29.4% 8 23.5% 2 5.9%
Group 3 (N=21) 13 62.0% 8 38.0% 4 19.0% 4 19.0%

Below Test Cut-off

RASSF1 Above Test

RASSF1 Above Test Cut:

RASSF1 Above Test

RASSF1 RASSF1 Cut-off Any Cores off 1-2 Cores Cut-off 3+ Cores

N % % % N %
Group 1 (N =20) 12 60.0% 8 40.0% 6 30.0% 2 10.0%
Group 2 (N=34) 15 44.1% 19 55.9% 13 38.2% 6 17.7%
Group 3 (N=21) 6 28.6% 15 71.4% 6 28.6% 9 42.8%

Tissue prints were prospectively collected from biopsy cores from study subjects undergoing diagnostic prostate biopsies. DNA from
all 12 cores was analyzed for the DNA hypermethylation markers glutathione-S-transferase pi 1 (GSTP1), adenomatous polyposis coli

(APC) and ras association domain family member 1 (RASSF1). Levels of
hypermethylation are reported relative to a reference gene, beta actin (ACTB).

13

p-values for the Chi square test for
trends in proportions were
calculated to compare the
proportion of marker-positive
subjects (defined as any histo-
benign core being marker-positive)
inthe 3 study groups. These data
are highlighted in yellow on the
table tothe left.

Whenwe use all 3 markers, we see
a consistentincreasein the
proportion of field effect positive
subjects from group 1, group 2 and
group 3. (from 45%, to 70.5% to
81%)

* For all three markers: p = 0.015

For each individual marker, this
increase inthe prevalence of field
effects with Gleason grade is most
pronounced for APC.

e For APC: p = 0.00031
* For GSTP1:p=0.043
* ForRASSF1:p=0.043
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Post-transcriptional processing of genetic
information and its relation to cancer
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Abstract

During the development, progression and dissemination of neoplastic lesions, cancer cells
hijack normal pathways and mechanisms, especially those involved in repair and embryologic
development. These pathways include those involved in intercellular communication, control
of transcription, post-transcriptional regulation of protein production including translation of
mRNAs, post-translational protein modifications, e.g., acetylation of proteins, and protein
degradation. Small, non-translatable RNAs, especially microRNAs (miRs), are Important
components of post-transcriptional control. MiRs are produced from areas of the genome
that are not translated into proteins, but may be co-regulated with their associated genes.
MiRs bind to the 3’ untranslated regions of mRNAs and regulate the expression of genes in
most cases by either promoting the degradation of mRNA and/or inhibiting the translation
of mRNAs into proteins; thus, miRs usually cause a decrease in protein levels that would
be expected if the mRNAs were translated normally. It is early in our understanding of how
miRs affect neoplastic processes, but miRs are expressed differentially in most cancers and
have been associated with tumor progression, chemoresistance and metastasis. MiRs are
present in nanovesicles, such as exosomes, and thus are likely involved in intercellular
communication, especially in neoplasia. MiRs are attractive targets for novel therapies of
cancer as well as potential biomarkers that might be useful for early detection and diagnosis,
and for prediction of therapeutic efficacy. MiRs also could aid and in determining prognosis,
evaluating novel therapies, and developing preventive strategies by their use as surrogate end
points.

Key words: biomarkers, mRNA, microRNA, post-transcriptional regulation, transcriptional
regulation, translation
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Transcription is the process by which sequences
of the genome are read by the enzyme RNA poly-
merase II and pre-forms of messenger ribonucleic
acid (mRNA) are produced. These pre-forms of
mRNA (pre-mRNA) are converted into mRNA and
the mRNAs subsequently are translated into pro-
teins by ribosomes that match the sequences of the
mRNA with triplet codes on transfer RNAs (tRNAs),
each of which carries a unique amino acid. The
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complex of ribosomes, mRNA and tRNAs translate
mRNA into amino acids that are bound together in
a growing polypeptide chain ultimately to become a
protein that matches the mRNA. Based on studying
the genomics of prokaryotes, the concept arose that
“one gene” was translated into “one protein”; how-
ever, based on the study of eukaryotic genomics, it
is recognized that one gene ultimately can gener-
ate many different proteins. Therefore, fewer than
40,000 different genes may produce hundreds of
thousands of unique proteins. In general, proteins
generate the phenotypes of normal and diseased
cells and tissues.

Because each cell type has specific roles and
functions at multiple levels, i.e., organism, tis-
sue and cell, the abundance, variety and type of
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proteins in each cell type may vary and may be
cell-specific. Thus, a hepatocyte of the liver must
be able to run the metabolic machinery neces-
sary to produce glucose by gluconeogenesis and
also produce and secrete many different proteins,
e.g., albumin. In addition, the liver converts some
waste products into bile. By contrast, skeletal mus-
cle cells use glucose to power contractile proteins
so that these cells can change size and shape rap-
idly. The cells of skeletal muscle do not produce
glucose, albumin or bile. Because the DNA code
is the same in each cell of an organism, accurate
maintenance of the selective phenotypic charac-
teristics in different types of cells is accomplished
by genetic and epigenetic control of transcription,
post-transcriptional processing including control
of translation, and post-translational modifications
of proteins.

In general, the mRNA produced from DNA in
prokaryotic cells reproduces the base pattern of the
complementary strand of the DNA. In eukaryotic
cells, the DNA of a gene is separated into tran-
scribed exons and untranscribed introns, i.e., the
codes of introns are not incorporated into the final
mRNA. Introns and other untranscribed areas of
DNA may control the transcription of the gene or
produce small RNAs that may regulate mRNA. In
eukaryotic cells, a precursor form of mRNA (pre-
RNA), which includes the RNA codes of introns and
exons, initially is transcribed from the DNA, then
the pre-mRNA is edited to remove the regions of the
mRNA that correspond to the introns. During pro-
cessing of pre-mRNA, specific exons may or may
not be included in the final mRNAs, which results in
“splice variants” of proteins. Similarly, recent stud-
ies have shown that there may be additional editing
of mRNAs by unknown mechanisms so that some
mRNAs may not mirror the DNAs from which they
were originally transcribed (Li et al. 2011); however,
these results are controversial.

Table 1. Post-transcriptional regulation in eukaryotes

Post-transcriptional regulation

After transcription, many processes (Table 1) may
occur to produce the large number of proteins that
make up both the cellular and extracellular compo-
nents of a tissue, hence its phenotype. These pro-
cesses produce many changes in the proteins that
would not be predicted based on the code and/or
structure of the DNA. Of the post-transcriptional
processes, we focus here on how small RNAs
regulate mRNA, therefore the amount of proteins
produced from specific genes.

MicroRNAs (miRs)

MiRs are short (hence the name), approximately 22
nucleotide forms of RNA that are single-stranded;
they are not translated into proteins. By affecting
the degradation and translation of mRNA, how-
ever, miRs can modulate levels of proteins.

For convenience, microRNA usually is abbre-
viated miR. We will use miR for this class of
molecules and mir as a prefix to denote specific
human precursor forms of miRs (pre-miRs), which
ultimately may be processed into the same mature
miRs; thus an example of a mature miR is miR-
let7 while an immature form would be mir-let7. To
date, miRs have been described in most cells except
some types of plants, e.g., certain marine plants and
some fungi (Lee et al. 2010). The functions of miRs
may vary in plants and lower organisms; however,
we will focus primarily on the importance of miRs
in mammals.

MiRs were discovered in the worm, C. elegans.
In this worm, the extent of the expression of the
heterochronic gene, lin-14, that regulates develop-
mental timing critical for larval transition (Chalfie
et al. 1981) occurs by the complementary binding
of a small RNA, lin-4, to the 3’ untranslated region

Editing of the pre-mRNA

Alternate splicing of the pre-mRNA to include or exclude specific exons

Editing of the mRNA by enzymes, e.g., adenosine, to inosine

Editing of the mRNA by undefined mechanisms, changing the code of the mRNA and ultimately the structure of the

proteins expected based on the DNA
Modulation of movement of mRNA out of the nucleus

Modification of the mRNA by small forms of RNA, including miRs

Degradation of the mRNA including control of degradation by miRs

Incorporation of atypical coded bases in tRNA, e.g., inosine, and their exit from the nucleus

Control of translation of mRNA to protein by miRs and by ribosomes, e.g., protein interactions with the internal

ribosomal entry site (IRES)

Primary post-translational modifications of the initial proteins

Control of proteins by degradation

366 Biotechnic & Histochemistry 2013, 88(7): 365-372
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(3’-UTR) of the lin-14 mRNA (Lee et al. 1993,
Wightman et al. 1993). Subsequently, a small non-
coding RNA, let-7, in C. elegans, was identified as
a critical regulator of cellular development, which
suggests that these miRs may act as fundamental
developmental regulators (Reinhart et al. 2000).
Ultimately, RNA molecules of the let-7 type were
found to be conserved in many species including
humans. With this observation, it became apparent
that regulatory small RNAs were a general biologi-
cal mechanism for post-transcriptional control of
genetic information. MiRs function in the normal
development and growth of cells from plants to
man. Most miRs target developmental processes
that involve cellular control, proliferation, and cell
death. By contrast, processes that characteristically
involve routine maintenance functions common
to all cells typically are not controlled by miRs. At
present, it is believed that about 1/3 of the human
genome may be under transcriptional regulation by
miRs (Chen 2005, Phillips 2008, McDaneld 2009).

Production of miRs

Typically, the genes that produce miRs can be located
in an anti-sense orientation to exons or introns or in
areas of DNA that were thought to be non-coding.
Nevertheless, the genes that produce miRs are reg-
ulated by promoters and other regulatory mecha-
nisms. Also, some genes for miRs may be in a sense
orientation within introns or other non-coding areas
of the DNA. This orientation within genes permits
a miR to be co-regulated with its “related gene.”
For example, a genetic sequence that codes for a
specific miR, e.g., microRNA-xxy, which regulates
the mRNA transcribed from gene y is located within
the intron between exons 4 and 5 of the gene for y.
Thus, as gene y is transcribed, the miR that binds
to the mRNA of gene y would be transcribed with
y and would be regulated, in part, by factors that
control the transcription of y.

MiRs usually are produced from specific genes
by RNA polymerase II (less commonly by RNA
polymerase III) as a “primary miR” (pri-miR) that
contains hundreds of nucleotides and a poly A tail
at the 3" end. When pri-miR is from a transcribed
gene, pri-miR may be separated in the course of
splicing, e.g., removing the intron areas of the
mRNA. RNase III enzymes, Drosha and Pasha,
enzymatically generate from the pri-miR approxi-
mately a 70 base form of RNA designated pre-
miR, which leaves the nucleus as a complex with
Exportin-5 (Chen 2005, Phillips 2008, McDaneld
2009). The structure of the pri- and pre- forms of

miR, though short, includes a hairpin loop. Once
processed to miR, the hairpin loop is removed. The
pre-miR then is cleaved by an RNA III enzyme,
dicer, and the cleaved form of RNA is incorpo-
rated into an Argonaute-protein-containing com-
plex called an RNA induced silencing complex or
RISC. When bound as part of the RISC, the RNA
is composed of two complementary strands. One
strand then is cleaved, released by the RISC and
degraded. The RISC orients the remaining strand
(now designated a mature miR) so that it can bind
optimally to target areas of mRNAs (Chen 2005,
Phillips 2008, McDaneld 2009).

Functions of miRs

The target areas of miRs in most cases are spe-
cific sequences of the 3’-UTR of the mRNA. The
same RISC-miR complex can bind and regulate
many different mRNAs if they have the same
or similar sequences in their 3’-UTRs so that the
same miR can modulate concomitantly many dif-
ferent mRNAs (e.g., 100) (Chen 2005, Phillips 2008,
McDaneld 2009).

If there is a strong complementary Watson-Crick
match with the bases of the target region of a mRNA,
the mRNA is cleaved by an energy requiring (ATP)
process so that the poly A end of the 3’ mRNA and
the capped 5" end of the RNA are removed, which
enables rapid mRNA degradation of each fragment
of the mRNA by exonucleases (Chen 2005, Phillips
2008, McDaneld 2009). The RISC and its miR are
stable and continue to be biologically active so
it can bind other mRNA molecules (Chen 2005,
Phillips 2008, McDaneld 2009). Unlike mRNAs,
mature miRs are thought to be very stable in vitro
as well as in vivo; in addition, miRs can be iden-
tified in fixed and paraffin embedded tissues so
archival paraffin blocks are used for their analysis
(Bovell et al. 2012).

If the miR does not have a strong base pairing
with a sequence of the 3’-UTR, it still may bind, but
less avidly, to the target mRNA. In such cases, the
binding may not result in cleavage of the mRNA,
but the bound miR inhibits the translation of the
mRNA and sets up the mRNA for eventual degra-
dation by the transfer of the mRNA to processing
bodies or “P-bodies,” the sites where most mRNAs,
whether regulated by miRs or not, are destroyed
or are stored prior to degradation (Chen 2005,
Phillips 2008, McDaneld 2009). MiRs also may act
in other ways to affect genetic information. For
example, they may bind to regulatory introns to
modulate transcription and/or miRs may inhibit
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translation of mRNAs (Chen 2005, Phillips 2008,
McDaneld 2009).

It is important to understand how miRs are
identified to interpret the literature. As indicated,
“mir” precedes the name of a pre-miR while “miR”
precedes the designation of a mature miR. Over the
years, specific miRs have been numbered to dis-
tinguish and identify them. Usually, the numbers
range from 1 to 9999; the small numbers designate
miRs that were identified earlier. An initial three let-
ter prefix may refer to species associated with the
miR. Some species designations are listed in Table 2.
Thus the designation for miR 130 in humans could
be “hsa-miR-130,” while the miR 130 in mice would
be designated “mmu-miR-130.” A pre-miR may
produce miRs from different ends of the molecule;
if one of two miRs comes from the 3’ end, it is des-
ignated, -3p, and if from the 5 end, -5p.

When mRs differ by only one or two nucle-
otides from the form of miR identified originally, the
related miRs are designated by a letter, e.g., “a,” “b,”
“e,” and in some cases where there are three very
similar miRs as “b#.” Also, if two miRs come from
the same pre-miR, but one is the minor component,
it may have been labeled previously as “*.” Thus,
miR-130* is the minor component and miR-130 is
the major form of miR-130 in a cell; however, desig-
nations recently have been changed to -3p or -5p to
describe such forms. Examples of various designa-
tions of miRs are shown in Fig. 1.

Frequently the species designation, hsa, is omit-
ted for miRs for studies of human specimens and
species prefixes often are deleted if a publication is
limited to one species. Of great use to investigators
studying miR is the web site, “mirbase.org,” cur-
rently 2011 version 18, that can be used to search
for specific miRs or information about miRs. This
web site contains more than 18,000 entries concern-
ing more than 150 species and is organized to be
accessed using several approaches. One approach
is based on “species: chromosome: sequences.”
If one enters Equus caballus (horse), for example,
and chromosome 2, 18 “mirs” are listed, and each

Table 2. Species and designation for miR

Species Designation
human hsa
mouse mmu

rat rno
sheep oar

dog cfa
chicken gga

viral _V
Drosophilia d__

represents the pre-form of the miR. Specifically, one
finds eca-mir-30e on chromosome 2. The mirbase.
org site was less useful, however, for searching for
miRs involved in cancer. By contrast, the “Human
MicroRNA Disease Database” and the “miR2 dis-
ease database” are much more useful concerning
the literature related to the involvement of miRs in
diseases in general and neoplasia specifically (Jiang
et al. 2008, Lu et al. 2008). These databases can be
searched by organ, cancer or type of cancer, e.g.,
carcinoma, but sometimes must be searched under
“neoplasia.”

Frequently, miRs provide a mechanism by which
the amounts of proteins can be down-regulated.
This function of miRs may occur by facilitating the
degradation of mRNAs, which inhibits the trans-
lation of mRNAs or the transcription of mRNAs.
Sometimes the mRNAs and their associated pro-
teins that are down-regulated are involved primar-
ily in the metabolism or degradation of important
driver genes. For example, some proteins are con-
trolled primarily by the degradation of the protein
product (e.g., p27XP! metabolized by Skp-2); thus,
if miRs inhibit the metabolic enzyme targeting a
phenotypically important protein, the phenotypi-
cally important molecule would be expected to
increase. Similarly, miRs can be inhibited by meth-
ylation of their promoters as well as by proteins
from other genes, and less commonly, may stimu-
late translation directly and thus increase specific
proteins (Vasudevan et al. 2007).

Because miRs function in the normal develop-
ment and growth of cells, they would be expected
to be dysregulated in disease processes and are
likely to be important for at least some aspects of
all human diseases. We are just beginning to under-
stand their importance in human diseases (Jiang
et al. 2008, Lu et al. 2008). As expected, because
miRs frequently are involved in developmental
processes, congenital malformations of many organ
systems, including the heart and brain, may occur
if miRs are dysregulated.

Abnormalities related to miRs may occur at
several levels including deregulation of the pri-miR,
pre-miR, or mature miR. Other types of dysregula-
tion may occur by modifications of the target 3'-UTR
of mRNAs that affect the binding of miRs. Specific
changes in the mRNA may cause the 3’-UTR no lon-
ger to bind a specific miR or it may cause binding
to the 3’-UTR of a previously unbound miR. All the
possibilities above may occur as somatic mutations
or gene dysregulation during the development and
progression of specific cancers or as germ line muta-
tions by which such abnormalities are transmitted
to offspring and result in familial diseases.
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Mature
miRNA

1 1
hsa — miR - 130 b (-130b#)
L L 'T‘
Species Original
designation designation
human  of a miRNA

Similar to original 130, but differs by 1 or 2 nucleotides

Similar, but not identical to -130b

Indicates that the pre-miRNAcomes from a different area of

Pre-miRNA
[l
mmu — mir - 130 - 2
Species Designation
designation of a specific
mouse mir

Mature
miRNA ¢

1 [
oar—miR-130 a-3p
L L
Species Original N
designation designation
sheep of a miRNA

¢ the genome than -130

Differs from 130 by 1 or 2 nucleotides

Indicates that the specific mMiRNA molecules is expressed in the same
direction (3'end); “-5p” would indicate that the miRNA is expressed in

the antisense or 5' end.

Fig. 1. The above cartoon demonstrates some of the conventions used in labelling various forms of microRNAs. These
conventions have changed over the years so care should be taken to ensure the specific identities of the microRNAs

being studied.

MiRs and exosomes

MiRs represent one of several newly described cat-
egories of molecules and pathways that “fine tune”
cellular functions. MiRs can be transcribed and
function not only within cells, but they also can be
transferred to cells as a form of intercellular com-
munication. This can be accomplished by packag-
ing of miRs in membrane bound vesicles that are
released from cells into the interstitial space. The
vesicles within interstitial spaces may act locally
through autocrine, paracrine or other-crine activi-
ties, or they may be picked up by blood or other
bodily fluids to provide endocrine-like signals to
distant cells (Kosaka and Ochiya 2012). The exo-
some is one type of vesicle that has been reported to
contain molecules of miR. Exosomes are bilayered-
membrane-bound nanovesicles that are released
from the vesicular bodies of normal and diseased
cells. Exosomes are present in most body fluid
including blood. In blood, exosomes typically are
30-100 nm in diameter, have been described as “cup-
shaped” and they express specific molecules such as
the tetraspanins, CD9, CD63 and CD81. Although
the details are uncertain, the molecular features
of the external surfaces of exosomes control their

uptake by cells, hence the effects of their contents on
cellular functions (Zhang and Grizzle 2011).

Exosomes have been reported to contain func-
tional proteins, mRNAs and lipids as well as miRs.
Again, the details about how these molecules are
sorted selectively into exosomes remains elusive.
Nevertheless, typical exosomes contain hundreds
of miRs and the packaging of miRs in exosomes
may protect them from RNases (Kosaka and Ochiya
2012). How specific miRs in exosomes function and
provide signals to cells is uncertain.

The molecules contained in exosomes, espe-
cially the proteins, peptides and mRNA, have been
reported to be characteristic of the cells from which
they arise. Because tumors secrete exosomes, i.e.,
tumor-derived (TD) exosomes, their contents, espe-
cially proteins, peptides, mRNA and miRs, have
been found to be characteristic of the tumors from
which they arise. Because TD exosomes contain
miRs, it has been proposed that these miRs can be
used as biomarkers that are useful for translational
research focused on diagnosis, risk assessment, pre-
diction, measurement of therapeutic responses and
determination of prognosis (Lu et al. 2005, Grizzle
et al. 2012, Zhang and Grizzle 2013). Circulat-
ing TD-exosomes of patients with ovarian cancer
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have been reported to contain eight miRs whose
expressions were significantly distinct from those
observed in benign diseases (Taylor and Gercel-
Taylor 2008). In many cases, the miRs were expressed
differentially in exosomes compared to the match-
ing fluids; thus, miRs contained within exosomes
may provide greater sensitivity and specificity for
translational studies (Kosaka and Ochiya 2012, Nair
et al. 2012).

Other small RNAs

SiRNAs are double-stranded small RNAs that are
present in prokaryotes, plants and animals evolu-
tionarily below worms where they protect against
certain viruses and intracellular parasites. In some
cases, this double-stranded RNA attracts a pro-
tein complex containing dicer, which cleaves the
double-stranded RNA. Like miRs, they are bound
by Argonaute and other molecules into an RNA-
induced silencing complex (RISC), which then is
processed as described previously for miR and
whose action may be similar to miRs. Alternatively,
siRNAs may be bound with Argonaute into a dif-
ferent complex, the RNA induced transcriptional
silencing complex (RITSC), which can inhibit tran-
scription of genes.

There are other endogenous forms of small
RNAs that also act post-transcriptionally on mRNA
and are related to, but currently are considered dis-
tinct from, miRs (Lee et al. 2010, Naqvi et al. 2009).
Small RNAs that mimic siRNA may be synthesized
exogenously and used experimentally to decrease
specific mRNAs, hence, proteins; these also typi-
cally are called siRNAs (Devi 2006).

MicroRNAs in cancer

Pre-invasive and invasive neoplastic cells typi-
cally hijack embryological and repair processes
and pathways to facilitate neoplastic development
and progression. Pathways controlling prolifera-
tion, apoptosis, cellular motility, cellular invasive-
ness and cellular orientation (polarity) are typical
pathways that are dysregulated in neoplastic
cells to facilitate their growth and survival. While
pathways controlling proliferation and apoptosis,
for example, are regulated carefully in normal
tissues, these pathways frequently are dysregu-
lated in neoplasia. Also, with increased prolif-
eration and dysregulated apoptosis, mutations in
genes, overexpression of genes, and changes in
the epigenetic control of transcription may develop
in neoplasia.

MiRs are involved in most aspects of neopla-
sia from the development of neoplastic lesions to
the spread of cancer by metastasis. MiRs involved
in cancer have been designated as “oncomiRs”
(Cho et al. 2007, Esquila-Kerscher and Slack
2007, Lujambio 2009). OncomiRs can modulate
the development, progression and dissemination
of neoplastic processes by acting as either tumor
suppressors (e.g., miR-34a) or oncogenes (e.g.,
mir-17-92 cluster). It is of interest that the tumor
suppressors, miR-18a, miR-34b/c and miR-9, can
be silenced by hypermethylation and this silenc-
ing facilitates nodal metastasis (Cho et al. 2007,
Lujambio 2009).

MetastamiRs are miRs that are involved spe-
cifically in the metastatic process (Hurst et al.
2009, White et al. 2011, Lopez-Camarillo et al.
2012). They frequently function as an interme-
diate signal in pathways that inhibit or facili-
tate cancer, e.g.,, miR146a/b acts downstream of
the BRMS1 gene, which suppresses metastasis in
breast cancer, but miR146a/b acts prior to genes
that are identified as regulated by BRMS1 (Hurst
et al. 2009). Other miRs involved in metasta-
sis of breast cancers include miR-335, miR-126,
miR-10b, miR-9 and miR-155 (Tavazoie et al.
2007, Ma et al. 2007, 2010, Xiang et al. 2011).
Similarly, miR-31 usually acts as a general tumor
suppressor as well as a suppressor of metas-
tasis by its action on integrin-o5, radixin and
RhoA, while the miR-200 family (miR -200a,
b, and ¢, miR-141 and miR-429) may inhibit
or facilitate metastasis depending on whether
effects of epithelial to mesenchymal transition or
mesenchymal to epithelial transition dominate
(Dykxhoom 2010).

MiRs have been claimed to be useful for early
detection, diagnosis and prognosis of various can-
cers and for management of patients by prediction
of therapeutic efficacy, monitoring responses to
therapy or as targets for therapy (Mak et al. 2005,
Waldman and Terzic 2007, Martello et al. 2010,
Manne et al. 2010, Shah et al. 2009). It has been sug-
gested that MiRs potentially are important clinically
for most cancers and specifically for cancers of the
ovary (Shah et al. 2009, Taylor and Gercel-Taylor
2008), lung (Rabinowitz et al. 2009, Mallick et al.
2010), breast (Pigati et al. 2010, Xiang X et al. 2011),
pancreas (Wang et al. 2009, Srivastava et al. 2011),
prostate (Coppola et al. 2010) and brain (Delfino
et al. 2011).

Small non-translatable RNAs such as miRs now
are recognized as an important group of regula-
tory molecules that are involved primarily in post-
transcriptional regulation of genetic information.
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There are thousands of different miRs that bind to
the untranslated 3’ ends of mRNAs and thereby
modulate the degradation of these mRNAs and
inhibit their translation. MiRs can be carried within
exosomes to provide autocrine, paracrine, and
endocrine type intercellular signals among normal
and diseased cells, and especially neoplastic cells.
MiRs also are involved in disease by their dysregu-
lation. MiRs likely represent one of the biological
pathways that neoplastic lesions use to promote
their development, progression and dissemination;
therefore, these molecules may be attractive targets
for novel approaches to therapy, diagnosis and pre-
vention of cancer.
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Abstract

Prolonged fixation of cells and tissues in 10% neutral buffered formalin (NBF) may decrease immu-
norecognition in some antigen-antibody pairs. Short fixation in 10% NBF followed by transfer to
70% ethanol has been used to overcome these effects, but the effects of this transfer on immunorec-
ognition have not been explored adequately. We used two cell lines, DU145 (prostate cancer) and
SKOV3 (ovarian cancer), grew them on coverslips and fixed them with 10% NBF at room tem-
perature for 5 min and 12, 15, 18, 36, 108 and 180 h. Aliquots of the same cells were fixed in 10%
NBF for 12 h, then transferred to 70% ethanol for 3, 6, 24, 96 and 168 h. Immunostaining with
PCNA, Ki67-MIB-1, cytokeratins AE1/AE3 and EGFr was done concomitantly. In both cell lines,
immunorecognition decreased between 18 and 36 h of fixation in 10% NBF for PCNA, Ki67-MIB-1
and cytokeratins AE1/AE3. By 108 to 180 h of 10% NBF exposure, there was complete loss of
immunorecognition of PCNA and extensive loss of Ki67-MIB-1 and cytokeratins AE1/AE3. The
effects on EGFr immunorecognition were less. Transfer to 70% ethanol after fixation for 12 h in

10% NBF preserved immunorecognition of the antibodies.

Key words: cytokeratins AE1/AE3, EGFr, 70% ethanol, 10% formalin, immunohistochemistry,

Ki67-MIB-1, PCNA

Ten percent neutral buffered formalin (NBF) is used
almost universally for diagnostic pathology because
of its ability to preserve consistently the morpholog-
ical details of cells and tissues (Grizzle et al. 2008,
Grizzle 2009).

The reaction of 10% NBF with proteins in cells and
tissues is thought to occur by three reactions. In the
first reaction, formaldehyde reacts rapidly primarily
with the amino and thiol groups of amino acids to
form hydroxymethyl derivatives (Pearse 1968). Sub-
sequently, in the case of primary amino groups, some
hydroxymethyl groups may undergo a condensation
reaction to form an imine, also called a Schiff base
(Metz et al. 2004). This second reaction occurs more
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slowly. These two initial reactions may influence
immunostaining based on the current approach to
fixation, which typically limits fixation to less than
24 h for a thin (e.g., 3 mm) piece of tissue. As the
time of exposure to 10% NBF increases, a third reac-
tion occurs in which the imine reacts with other side
chains including glutamine, asparagine, tryptophan,
histidine, arginine, cysteine and tyrosine in a cross-
linking fashion (Metz et al. 2004). These molecular
changes may mask some antigen epitopes, which
would reduce immunostaining (Arnold et al. 1996).
The relatively slow penetration of formaldehyde
(<1 mm/h) affects the fixation reactions in tissues.
In addition, processing tissues fixed in 10% NBF to
paraffin also affects immunorecognition (Grizzle
et al. 2008, Otali et al. 2009).

Fixation by 10% NBF for longer than 48 h has
been studied extensively, but less is known concern-
ing fixation in 10% NBF for shorter periods, e.g.,
<12 h. Also, the effects of various concentrations of
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Table 1. Duration of fixation in 10% NBF compared to
fixation for 12 h in 10% NBF followed by transfer to 70%
ethanol

Fixation in Fixation in 10% NBF for 12 h
10% NBF (h) and transfer to 70% ethanol (h)
0.083 =

12 _

15 12+3

18 12+ 6

36 12+ 24

108 12+ 96

180 12+ 168

ethanol following initial fixation in 10% NBF, has
not been studied adequately (Otali et al. 2009). It has
been reported anecdotally and generally accepted that
transferring thin tissues and cells that have been fixed
in 10% NBF for more than 24 h to 70% ethanol prevents
further loss of immunorecognition of some epitopes.
There are few studies in the literature, however, to
support this belief and to our knowledge, there is no
study of the optimal time for transferring tissues from
10% NBF to 70% ethanol (Leung et al. 2011).

Ethanol is a dehydrating agent, but it also may
act on the hydroxymethyl adducts that have not
been cross-linked to catalyze the formation of reac-
tive imines by removing the hydrogen atom from
the nitrogen of the original amine end group and
the hydroxyl group from the 10% NBF adduct
(Dapson 2007).

Immunorecognition by monoclonal and poly-
clonal antibodies likely depends on many factors
including how both the epitopes/antigens and
the antibody identifying the epitopes react; this is
indicated by the differential effects of fixation
in 10% NBF and/or other cross-linking fixatives
that may modify the epitope (Arnold et al. 1996).
Other less commonly considered effects of cross-
linking fixatives that may affect immunorecogni-
tion include steric hindrance of epitope-antibody
reactions resulting from cross-linking and local
chemical effects caused by reactive hydroxymethyl
groups and/or imines.

Previously, we reported that fixation interacts
with tissue processing to decrease immunorecogni-
tion (Otali et al. 2009). In that study, cells grown on
microscope slides were processed to paraffin as a
model to study the interaction of fixation by 10% NBF
with cumulative processing steps to paraffin. In the
study reported here, cells were grown on coverslips,
because this approach frequently is used in research
and constitutes a simplified model for enhancing our
understanding of the potential short term effects of
10% NBEF fixation and transfer to 70% ethanol.

A) 15

S S
1 N {
@
8 —o—NBF
@ - = = 12hr NBF + Ethanol
05
% 50 100 150 200
Hour
B) 15 — — —
—e—NBF

- » - 12hr NBF + Ethanol | |

Fig.1. Immunostaining scores for PCNA.A) PCNA staining
in DU145 cells after fixation in 10% NBF at times matched
with fixation in 10% NBF for 12 h followed by transfer to
70% ethanol at comparable total exposure times. B) PCNA
staining for SKOV3 cells after fixation in 10% NBF at times
matched with fixation for 12 h in 10% NBF followed by
transfer to 70% ethanol for comparable total times of
exposure. Data from both cell lines are from three replicate
experiments. Error bars are standard deviations. C) DU145
cells after staining for PCNA. x 200. I, II, Ill, IV, V and VI
represent 5 min, 12 h, 36 h, 180 h 10% NBF, and 12 h in
10% NBF+24 h in 70% ethanol, and 12 h in 10%
NBF + 168 h 70% ethanol, respectively.

We grew cells on coverslips specifically to evalu-
ate whether transfer of cells from 10% NBF to 70%
ethanol decreases the loss of immunorecognition
caused by fixation in 10% NBF. Our study also was
designed to determine the optimal time for trans-
fer of cells from 10% NBF to 70% ethanol and how
various times in ethanol affect immunorecognition.
The results suggest that there is a clear benefit to
transferring cells, and potentially tissues, from 10%
NBF to 70% ethanol prior to immunohistochemical
analysis.
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Table 2. P-values of t-tests between any sample pairs for immunostaining score for PCNA

in DU145 and SKOVS3 cells fixed in 10% NBF

Time (h) in

10% NBF 0.083 12 15 18 36 108 180
DU145 0.083 - 005 0.02 <0.01 <001 <0.01 <0.01
12 - - 0.46 0.05 <o0.01 <0.01 <0.01
15 - - - 0.05 <0.01 <0.01 <0.01
18 - - - - 0.18 <0.01 <0.01
36 — — - - - <0.01 <0.01
108 = = = — = = <0.01
SKOV3 0.083 - <0.01 0.09 0.02 <0.01 <0.01 <0.01
12 - = 0.77 0.59 <0.01 <0.01 <0.01
15 - - - 0.34 <0.01 <001 <o0.01
18 - - - - 0.02 <0.01 <0.01
36 - - - - - <0.01 <o0.01
108 - - — - - - 0.02

Data are from three replicate experiments.

Material and methods

The effects of fixation of cells by 10% NBF for 5 min,
12, 15, 18, 36, 108 and 180 h were compared with
fixation for 12 h in 10% NBF followed by transfer-
ring the cells to 70% ethanol for 3, 6, 24, 96 and 168
h so that the total time in the two solutions would
be equivalent (Table 1). Fixation for 5 min was
considered minimal, because “no fixation” usually
resulted in detachment of cells from the coverslips
during immunostaining.

Two cell lines were used: DU145 (prostate cancer)
and SKOV3 (ovarian cancer) obtained from Ameri-
can Type Culture Collection (ATCC). The cell lines

were maintained in RPMI 1640 and DMEM, respec-
tively, with 10% fetal calf serum plus supplements,
MEM vitamin solution (Gibco, Grand Island, NY)
l-glutamine (Gibco), antibiotic-antimycotic solution
of penicillin, streptomycin and amphotericin B
(Gibco) in an incubator with 5% CO, at 37° C.
DU145 or SKOV3 cell lines were trypsinized,
re-suspended in their respective media and plated
uniformly on 22 X 22 mm sterile coverslips in
six-well plates at a cell concentration of 150,000/
ml for DU145 and 175,000/ml for SKOV3. Plating
was carried out over several days in a decreas-
ing time schedule. When confluence reached
about 70%, usually after two days, the cells on the

Table 3. P-values of t-tests for immunostaining score between 12 h of 10% NBF fixation or 10%
NBF for 12 h followed by transfer to 70% ethanol at experimental time points for DU145 and

SKOV3 after cells

12 (h) in 10%

NBF + EtOH (h) 12+0 12+3 12+6 12+24 12+96 12+ 168

PCNA
DU145 12+0
SKOV3 12+0
Cytokeratins AE1/AE3
DU145 12+0
SKOV3 12+0
EGFr cytoplasmic
DU145 12+0
SKOV3 12+0
EGFr membrane
DU145 12+0
SKOV3 12+0
Ki67-MIB-1
DU145 1240
SKOV3 12+0

1.0 0.58 1.0 0.97 0.80
1.0 1.0 1.0 1.0 1.0

0.20 0.18 0.72 0.07 0.25
012 052 0.77 0.86 0.37

0.96 099 0.98 0.99 0.81
1.0 0.99 1.0 0.98 1.0

1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0
0.36 10 0.99 0.98 0.82
1.0 1.0 1.0 1.0 1.0

Data are from three replicate experiments.
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Table 4. P-values of t-tests for percentage of DU145 and SKOV3 cells staining for PCNA, cytokeratins AE1/AE3 and
EGFr; values are comparisons between 10% NBF fixation for 5 min and each subsequent experimental time point

Time in 10%
NBF (h) 0.083 12 15 18 36 108 180

PCNA

DU145 0.083 - 0.94 0.92 0.50 0.10 <0.01 <0.01

SKOV3 0.083 - 0.96 0.86 0.65 0.03 <0.01 <0.01
Cytokeratins AE1/AE3

DU145 0.083 - 0.72 0.33 <0.01 <0.01 <0.01 <0.01

SKOV3 0.083 - 0.80 0.66 0.97 <0.01 <0.01 <0.01
EGFr cytoplasmic

DU145 0.083 - 0.57 0.43 0.64 0.56 0.08 <0.01

SKOV3 0.083 - 0.85 0.73 0.50 1.0 0.97 0.98
EGFr membrane

DU145 0.083 - 0.04 0.32 <0.01 <0.01 <0.01 0.01

SKOV3 0.083 - 0.31 0.02 0.02 0.08 <0.01 0.01

Data are from three replicate experiments.

Table 5. P-values of t-tests for percentage of DU145 and SKOV3 cells staining; values are comparison between 10%
NBF fixation for 12 h with 10% NBF fixation plus subsequent experimental time points in 70% ethanol

Time in 10% NBF

(h) + EtOH (h) 12+0 12+3 12+6 12+ 24 12+ 96 12+ 168

PCNA

DU145 12+0 — 0.98 0.79 0.68 1.0 0.89

SKOV3 12+0 &= 0.89 1.0 1.0 1.0 1.0
Cytokeratins AE1/AE3

DU145 12+0 - 0.01 0.22 0.88 0.53 0.88

SKOV3 12+0 = 0.16 0.35 0.95 0.98 1.0
EGFr cytoplasmic

DU145 12+0 = 1.0 1.0 0.84 0.94 1.0

SKOV3 1240 - 1.0 0.99 1.0 0.98 1.0
EGFr membrane 12+0 - 0.63 0.99 0.98 1.0 0.92

12+0 = 0.94 0.91 1.0 0.99 1.0

Data are from three replicate experiments.

Table 6. P-values of t-tests between any sample pairs for immunostaining score for cytokeratins AE1/AE3 in DU145 and
SKOV3 cells fixed in 10% NBF

Time (h) in

10% NBF 0.083 12 15 18 36 108 180
DU145 0.083 - <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
12 - - 0.55 <0.01 <0.01 <0.01 <0.01
15 - - - <0.01 <0.01 <0.01 <0.01
18 - - — = <0.01 <0.01 <0.01
36 - - - - - <0.01 <0.01
108 — — — — - - <0.01
SKOV3 0.083 - 0.15 <0.01 <0.01 <0.01 <0.01 <0.01
12 - - <0.01 0.05 <0.01 <0.01 <0.01
15 - — - 0.93 0.10 <0.01 <0.01
18 - - - - <0.01 <0.01 <0.01
36 - - - - — <0.01 0.02
108 - — — - - - 0.86

Data are from three replicate experiments.
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Fig. 2. Immunostaining scores for cytokeratins AE1/AES3.
A) Immunostaining for cytokeratins AE1/AE3 in DU145
cells after fixation in 10% NBF at times matched with
fixation in 10% NBF for 12 h followed by transfer to 70%
ethanol for comparable total times of exposure. B)
Immunostaining for cytokeratins AE1/AE3 in SKOV3 cells
after fixation in 10% NBF at times matched with fixation in
10% NBF for 12 h followed by transfer to 70% ethanol for
comparable total times of exposure. Data from both cell lines
are from three replicate experiments. Error bars are standard
deviations. C) Immunostaining of DU 145 cells for cytokeratins
AE1/AES3. |, II, lll, IV, V and VI represent 5 min, 12 h, 36 h,
180 h in 10% NBF, and 12 h in 10% NBF+24 h
in 70% ethanol and 12 h in 10% NBF +168 h in 70%
ethanol, respectively. X 200.

coverslips were rinsed quickly twice in PBS, pH 7.4,
and either fixed in 10% NBF alone (Richard Allan
Scientific, Kalamazoo, MI) for 5 min, 12, 15, 18, 36,
108 or 180 h or fixed in 10% NBF for 12 h, then
placed in 70% ethanol (AAPER Alcohol and Chemi-
cal Co. Shelbyville, KY) for 3, 6, 24, 96 or 168 h (Table
1). Fixation was carried out at room temperature
and all fixation times were synchronized to enable
immunostaining of all experimental variations to be
performed at the same time.

When the designated end point of fixation had
been reached, the fixed cells on the coverslips were
rinsed in Tris buffer, pH 7.6, for 10 min and per-
meabilized. For the permeabilization step, the cells
on the coverslips were dehydrated through graded
concentrations of ethanol, i.e., 70, 95%, and absolute
ethanol for 2 min at each concentration, treated with
acetone (Fisher Scientific, Fairlawn, NJ) for 15 sec,
then rehydrated through graded concentrations of
ethanol, i.e., absolute, 95, and 70%, before washing
in Tris buffer for 2 min (Rodriguez-Burford et al.
2002). Endogenous peroxidase was quenched by
exposure to 3% aqueous H,O, for 5 min and rins-
ing with Tris buffer. To reduce nonspecific stain-
ing, 3% goat serum was added to the cells on the
coverslips for 1 h at room temperature. The cells
on the coverslips were stained with a monoclonal
antibody to the proliferative nuclear marker, PCNA
(Santa Cruz Biotechnology, Santa Cruz, CA), diluted
1:18,000, a monoclonal antibody to the prolifera-
tive biomarker, Ki67, clone MIB-1 (Bio-genex, San
Ramon, CA) diluted 1:60, monoclonal antibodies
to anti-keratins AE1/AE3 (Boehinger Mannheim
Corp., Indianapolis, IN) 5 pg/ml, diluted 1: 40 and
a monoclonal antibody to EGFr (Zymed, San Fran-
cisco, CA) 3 pg/ml, diluted 1:5. Dilutions of anti-
bodies were in phosphate buffer EDTA (PBE), pH
7.6. These relatively dilute concentrations of anti-
bodies were chosen so that staining was relatively
weak to make assessment of effects on immunorec-
ognition easier. For each antibody and cell line, a
control was included in which the primary antibody
was replaced with 3% goat serum. Next, the cells
on the coverslips were rinsed with Tris buffer, pH
7.6, and incubated with multispecies biotinylated
goat anti-mouse/rabbit secondary antibody for 10
min (Signet, Dedham, MA) and HRP-conjugated
streptavidin for 5 min (Signet). Color was devel-
oped with diaminobenzidine (DAB) for 7 min (Bio-
genex, San Ramon, CA) to produce an insoluble
chromogen. The cells on the coverslips were rinsed
with deionized water, counterstained with Mayer’s
hematoxylin (Sigma-Aldrich, St. Louis, MO) for 1
min 15 sec, blued in tap water, dehydrated though
graded concentrations of ethanols: 70, 95%, and
absolute ethanol, before clearing in thee changes in
xylene (Fisher Scientific, Fairlawn, NJ). The cells on
the coverslips were mounted on microscope slides
using Permount (Fisher Scientific). Inmunostaining
for each experiment was repeated independently
three times.

Blinded evaluations were performed by a board
certified diagnostic pathologist (W.E.G.). The immu-
nostaining for a specific cell line for all three experi-
ments under each condition was evaluated during
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Table 7. P-values of t-tests between any sample pairs for cytoplasmic immunostaining score
of EGFr in DU145 and SKOV3 cells fixed in 10% NBF

Time (h) in
10% NBF  0.083 12

15 18 36 108 180

DU145 0.083 - <0.01
12 — -
15 = =
18 — —
36 - =
108 -
SKOV3 0.083 —
12 = -
15 - =
18 - =
36 - —
108 = -

<0.01 <0.01 <0.01 <0.01 <0.01

0.37 0.09 0.03 <0.01 <o0.01
— 0.13 0.04 <0.01 <0.01
- - 039 <0.01 <0.01
— — — <0.01 <0.01
<0.01

0.05 <o0.01 <o0.01 0.18 <0.01 0.02
<0.01 0.01 0.80 0.08 0.26

o 087 10 094 10
- — 1.0 0.75 0.95
- - - 002  0.07
= - - - 0.79

Data are from three replicate experiments.

the same session. Two parameters were evaluated:
percentage of cells stained and immunostaining
score as described in (Grizzle et al. 1998, Otali et al.
2009). Briefly, the intensity of nuclear staining was
determined in 1.0 increments from 0 for no stain-
ing to 4 for strongest staining. The proportion of
cells stained at each intensity level was estimated

A) 05— . -
04 I

o 03
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0.2
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Fig. 3. Cytoplasmic immunostaining scores for EGFr. A)
DU145 cells after fixation in 10% NBF at times matched
with fixation in 10% NBF for 12 h followed by transfer to
70% ethanol at comparable total times of exposure. B)
SKOV3 cells after fixation in 10% NBF at times matched
with fixation for 12 h in 10% NBF followed by transfer to
70% ethanol at comparable total times of exposure. Data
from both cell lines are from three replicate experiments.
Error bars are standard deviations.

and multiplied by the staining intensity. The total
immunostaining score is the sum of the products
of the proportion of cells stained at each staining
intensity multiplied by the staining intensity, e.g.,
40% of cells staining at intensity of 2 would yield
04Xx2=0.8 and 60% of cells staining at 3 would
yield 0.6 X3=1.8 . Adding the components of the
immunostaining score for this example would be
2.6. Similarly, 100% of cells with no staining would
give a total immunostaining score of 1Xx0=0,
and 100% of cells staining at maximum intensity
would give an immunostaining score of 1x4=4,
thus immunostaining scores range from 0 to 4. Five
random fields were evaluated for each variable
for each experiment and the values obtained from
the three replicate independent experiments were
used to calculate means and standard deviations.
Where appropriate, intracellular localization was
evaluated separately, e.g., EGFr cellular membrane
“staining was evaluated separately from cytoplasmic
staining for EGFr. Because of the pattern of staining
of Ki67-MIB-1 at low concentrations, only staining
of mitotic cells was evaluated.

Because our hypothesis was based on prior
studies that indicated that the percentage of
cells stained and the immunostaining score
would decrease with longer fixation in 10% NBF,
right-tailed pair-wise t-tests were performed to
assess the differences in immunostaining between
experimental time periods. We considered the
difference statistically significant if p=0.01. As
expected, we observed a general trend toward a
decreasing immunostaining score with increasing
duration of fixation in 10% NBEF. In addition, pre-
liminary data indicated that transfer of specimens
into 70% ethanol would minimize the decreased
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Table 8. P-values of t-tests between any sample pairs of membrane immunostaining score
for EGFr in DU145 and SKQOV3 cells fixed in 10% NBF

Time (h) in
10% NBF 0.083 12

15 18 36 108 180

DU145 0.083 - 0.04
12 - =
15 — —
18 = -
36 - -
108 - e
SKOV3 0.083 = 0.86
12 — —
15 - =
18 = -
36 = -
108 = -

0.02 <0.01 0.06 <0.01 <0.01
0.31 0.09 037 <0.01 <0.01
- 0.17 050 <0.01 <0.01
- - 0.77 0.08 <0.01

- - - 003  <0.01
- - - - <0.01
078 061 093  0.09 0.27
042 019 066  0.02 0.06
- 029 072 004 0.11
- - 090 0.5 0.19
- = - <o0.01 0.03
- - - - 0.75

Data are from three replicate experiments.

immunorecognition caused by fixation in 10%
NBF; thus, right-tailed tests also were performed
for these data, which also followed the trends
observed in the preliminary studies.

Resuits

Immunostaining scores were more sensitive than
the percentage of cells stained. For both DU145 and
SKOV3 cells, as the duration of fixation in 10% NBF
increased, immunostaining scores decreased so that
by 180 h there was no observable PCNA staining
(Fig. 1A, B).

After fixation by 10% NBF for 5 min, the PCNA
immunostaining scores differed from each subse-
quent experimental time period for both DU145
and SKOV3 cells (Table 2). A statistically signifi-
cant decrease (p < 0.01) was observed after 18 h in
DU145 cells. In SKOV3 cells, a statistically signifi-
cant decrease (p < 0.01) occurred after 36 h.

Immunostaining scores for cells that were fixed for
12 h in 10% NBF followed by 70% ethanol for various
periods showed no statistically significant decreases
in immunostaining throughout the 180 h of the study
for either DU145 or SKOV3 cells (Table 3).

With regard to the percentage of cells stained,
there was no statistically significant decrease in stain-
ing in either DU145 or SKOV3 cells until after more
than 36 h fixation in 10% NBF (p < 0.01; Table 4).
There were no cells that were stained for PCNA in
either cell line after fixation for 180 h. Figure 1C (IV)
shows no DU145 cells stained for PCNA after fixation
in 10% NBF for 180 h.

There were no statistically significant differences
in percentages of DU145 and SKOV3 cell staining

for all periods of fixation in 10% NBF for 12 h fol-
lowed by transfer to 70% ethanol (Table 5).

A statistically significant decrease (p < 0.01) in
immunostaining scores for all periods was observed
for cytokeratins AE1/AE3 in DU145 after fixation
for 5 min in 10% NBF compared to other fixation
times as shown in Table 6. For SKOV3 cells, a sta-
tistically significant decrease (p <0.01) in immuno-
staining scores was observed after =12 h fixation in
10% NBF (Table 6). Figure 2A, B demonstrate that
in both DU145 and SKOV3 cells, the extent of the
decrease in immunostaining scores for cytokera-
tins AE1/AE3 could be important for interpreting
staining after fixation for approximately 36 h in 10%
NBE. Figure 2C (IV) shows DU145 cells with signifi-
cantly reduced staining for cytokeratins AE1/AE3
after fixation for 180 h in 10% NBE.

After fixation for 12 h in 10% NBF and transfer
to 70% ethanol, there were no statistically signifi-
cant changes in immunostaining scores for DU145
or SKOV3 between 12 h and any subsequent times
(Table 3).

Compared to fixation for 5 min in 10% NBF,
there was a statistically significant decline (p < 0.01)
in the number of DU145 cells stained for cytok-
eratins AE1/AE3 after fixation for >18 h in 10%
NBF (Table 4); the number of stained SKOV3 cells
decreased after 36 h (p < 0.01) (Table 4).

There were no significant differences in the per-
cent of DU145 and SKOV3 cells stained for cyto-
keratins AE1/AE3 after fixation in 10% NBF for
12 h followed by transfer to 70% ethanol (Table 5).

Comparing cytoplasmic immunostaining scores
for EGFr in DU145 cells after fixation for 5 min in
10% NBF with other periods of fixation, statistically
significant decreases (p < 0.01) were observed at
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Fig. 4. Membrane immunostaining scores for EGFr. A)
DU145 cells after fixation with 10% NBF at times matched
with fixation in 10% NBF for 12 h followed by transfer to 70%
ethanol at comparable total times of exposure. B) SKOV3
cells after fixation in 10% NBF at times matched with fixation
in 10% NBF for 12 h followed by transfer to 70% ethanol for
comparable total times of exposure. Data from both cell lines
are from three replicate experiments. Error bars are standard
deviations. C) DU145 cells after staining for EGFr. |, II, Il
IV, V and VI represent 5 min, 12 h, 36 h, and 180 h in 10%
NBF, and 12 h in 10% NBF +24 h in 70% ethanol and 12
h in 10% NBF + 168 h in 70% ethanol, respectively. Blue
arrows show membrane staining. X 400.

12 h and subsequent times (Table 7). Although there
were statistically significant changes in cytoplasmic
immunostaining scores for EGFr in SKOV3 (Table
7), the relative differences were too small to be of
practical importance (Fig. 3B).

Cytoplasmic immunostaining scores for EGFr
after fixation for 12 h in 10% NBF compared to fixa-
tion for 12 h in 10% NBF followed by experimental
periods in 70% ethanol showed no statistically sig-
nificant differences for either DU145 or SKOV3 cells
(Table 3).

Comparing the percentages of DU145 cells
stained for cytoplasmic EGFr after fixation in 10%
NBF for 5 min with other periods, a statistically
significant difference was observed only at 180 h
exposure to 10% NBF (p <0.01) (Table 4).

The percentage of cells stained for cytoplas-
mic EGFr in SKOV3 cells after fixation for 5 min
in 10% NBF was not statistically different com-
pared to any of the other experimental periods
(Table 4).

The percentage of cells with cytoplasmic stain-
ing for EGFr after fixation for 12 h in 10% NBF com-
pared to fixation for 12 h in 10% NBF followed by
experimental time periods in 70% ethanol showed
no statistically significant differences for either
DU145 or SKOV3 (Table 5).

Membrane immunostaining scores for EGFr
staining in DU145 cells after fixation for 5 min in
10% NBF compared to the subsequent experimen-
tal time periods showed statistically significant dif-
ferences (p < 0.01) at 18 h and after =36 h fixation
(Table 8). No statistically significant differences
in SKOV3 cells were observed at any of the time
intervals. (Table 8) compared to 10% NBF fixation
for 5 min.

Membrane immunostaining scores for EGFr for
DU145 or SKOV3 cells after fixation for 12 h in 10%
NBEF followed by transfer to 70% ethanol showed no
statistically significant differences at any of the exper-
imental time periods (Fig. 4A, B; Table 3). Figure 4C
shows DU145 cells at selected times after fixation by
10% NBF and fixation for 12 h in 10% NBF followed
by transfer to 70% ethanol.

The percentage of both DU145 and SKOV3 cells
stained were significantly decreased in DU145 cells
after 18 h and in SKOV3 cells after 108 h; how-
ever, these statistical changes were too small to be
of experimental importance (Table 4). Transfer of
both DU145 and SKOV3 to 70% ethanol preserved
immunorecognition (Table 5).

After fixation in 10% NBF for 5 min, staining
of mitoses in DU145 cells with the MIB-1 antibody
to Ki67 showed a statistically significant decrease
(p < 0.01) after 108 or 180 h (Table 8); however, in
SKOV3 cells, staining at all subsequent experimen-
tal time points were variable (Table 8). Figure 5A, B
shows that a significant decrease in MIB-1 staining
occurs in DU145 and SKOV3 cells after 108 h and
36 h, respectively, compared to fixation for 12 h in
10% NBF followed by transfer to 70% ethanol for
the same amount of time. No statistically signifi-
cant differences were observed for either DU145 or
SKOV3 cells fixed in 10% NBF for 12 h followed by
transfer to 70% ethanol for the experimental time
periods, (Table 3).
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Table 9. P-values of t-tests between any sample pairs of immunostaining for Ki67-MIB-1 in

mitotic DU145 cells fixed 10% NBF

Time in
10% NBF (h) 0.083 12

15 18 36 108 180

DU145 0.083 - 0.12
12 - -
15 - -
18 = =
36 - -
108 - =
SKOV3 0.083 - <00t
12 - -
15 - -
18 - -
36 w =
108 - —

0.26 0.43 048 <0.01 <0.01
0.68 0.89 094 <0.01 <0.01
- 0.70 0.77 <0.01 <0.01
— - 0.58 <0.01 <0.01

— = — <0.01 <0.01
- - = == <0.01
<0.01 0.01 <0.01 <0.01 <0.01
0.83 10 0.75 <0.01 <o0.01

= 0.98 043 <0.01 <o0.01
- - 0.02 <o0.01 <o0.01
= <0.01 <0.01
- - - - <0.01

Data are from three replicate experiments.

Discussion

Cells and tissues fixed initially in 10% NBF sometimes
may be transferred to 70% ethanol to reduce the loss of
immunorecognition that may occur with longer fixa-
tion times. Our study demonstrates that this approach
may improve immunodetection of some antigens,
although the benefits vary with the antigen-antibody
pair, and the cell lines and tissues investigated.

We used cell lines grown on coverslips as a
model to evaluate the effects of fixation by 10% NBF
compared to 10% NBF followed by transfer to 70%
ethanol to study the effects of fixation on immuno-
histochemistry of solid tissue.

Both the proportion of cells stained and immu-
nostaining scores of the cells studied were used to
assess the effects of fixation (Grizzle et al. 1998). As
expected, the immunostaining score was more sen-
sitive for identifying the effects of fixation on immu-
norecognition than the percentage of cells stained
(Grizzle et al. 1998, Poczatek et al. 1999).

These results agree with previous reports that
immunorecognition of specific antibodies of some
specific antigens decreases after fixation in 10%
NBF and that this decrease is related directly
to the duration of fixation (Otali et al. 2009).
Frequently, a statistically significant decrease in
immunorecognition after fixation for only 12 h
in 10% NBF was observed; however, the decrease
usually was not large enough to be important for
interpretation of staining until after fixation in
10% NBF for 18 h. The extent and time varied with
the cell line and antigen-antibody pair. For EGFr,
there was less variation in pattern and intensity
of immunostaining compared to other antibody-
antigen combinations after fixation in 10% NBF or

fixation for 12 h in 10% NBF followed by transfer
to 70% ethanol.

For all other antigen-antibody pairs studied,
transfer from 10% NBF to 70% ethanol after 12
h resulted in improved immunorecognition. The
results show the optimal time for transfer to 70%
ethanol is between 18 and 36 h of fixation in 10%
NBEF. This varied slightly with the antigen-antibody
pair and the cell line. Our study supports the gen-
eral approach of transferring cells grown on cover-
slips, and by analogy tissues, from 10% NBF to 70%
ethanol to preserve immunorecognition.

Previously, using a “cell model” of fixation and
tissue processing, it was demonstrated that expo-
sure of cells fixed initially by 10% NBF followed
by 70% ethanol preserved immunorecognition
(Otali et al. 2009). Transfer to 70% ethanol may be
useful for immunohistochemistry, because ethanol
may facilitate the penetration of antibodies into cells
and tissues (Farmilo and Stead 2001). Documented
reports on the role that ethanol plays in fixation
of cells and tissues and the extent of the effects of
ethanol on immunohistochemistry are conflicting.
Clearly, 70% ethanol acts as a dehydrating agent
for cells and tissues. Some reports indicate that the
effects of ethanol on fixation depend on the type
of tissue. Ethanol, by extracting lipids, may vari-
ably affect tissue antigenicity of specific antigens.
For example, in mice, ethanol treatment markedly
reduced the detection of Gb, in normal kidney tis-
sue, but only minimally in neurons. This variation
was attributed to differences in the lipid composi-
tion of the tissues (Kolling et al. 2008).

Improved immunohistochemical staining of
mammary cancers following fixation in ethanol or
alcoholic formalin has been reported for keratins
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Fig. 5. Ki67-MIB-1 immunostaining scores. A) Immuno-
staining scores of DU145 cells after fixation in 10% NBF
compared to comparable times for 12 h in 10% NBF
followed by transfer to 70% ethanol. B) Immunostaining
scores for SKOV3 cells after fixation in 10% NBF compared
to comparable times for 12 h in 10% NBF followed by 70%
ethanol. These data are from three replicate experiments.
Error bars are standard deviations.

and p53 compared to fixation with 10% NBF (Arnold
et al. 1996). A study that compared the expression
of p185erbB-2 in ethanol fixed cell blocks and fine
needle aspirates of formalin fixed breast tissue in
paraffin blocks reported variable results, although
no empirical evidence was presented (Williams
et al. 2009).

Fowler et al. (2008) compared the structural
properties of RNase A after fixation in 10% for-
malin, 10% NBF plus ethanol dehydration, or
100% ethanol without prior fixation in 10% NBF.
These investigators reported that fixation in 10%
NBF for one week did not alter significantly the
secondary structure of RNase A. They reported
that unfixed RNase A incubated in 100% ethanol
for the same period recovered its native structure
after ethanol was removed and the RNase A was
reconstituted in phosphate buffer. When formal-
dehyde fixed RNase A was incubated in ethanol
for 1 week, then re-hydrated in phosphate buf-
fer, there was a significant decrease in near UV
light spectral band intensity, which indicated
that the changes were not reversible. Both native
and formalin fixed RNase A have been reported
to undergo structural transition from the o and
B conformation to nearly all B conformation as
ethanol concentration was increased from 80 to
100%. Fowler et al. (2008) suggested that exposure

to ethanol after formalin fixation causes protein
aggregation, which likely stabilizes methylene-
bridge crosslinks, hydrogen bonds and van der
Waals interactions; this interpretation does not
support the preservation of immunorecognition
that was observed in these studies.

The permeabilization step during immuno-
staining required the cells on the coverslips be
taken through a series of increasing concentrations
of ethanol to acetone, then reversed. This method
was used because it gave better immunostaining
than other alternatives, e.g., using only acetone
or using Triton X-100 and subsequently washing
in Tris buffer. This approach of permeabilizing
cells (Rodriguez-Burford et al. 2002) is unlikely
to have biased experimental observations or
interpretations.

Immunorecognition of PCNA, -cytokeratins
AE1/AE3, and Ki67-MIB-1 decreased significantly
after fixation in 10% NBF > 12 h; however, changes
in immunorecognition were not large enough to
make a practical difference until after exposure to
10% NBF for 18 h. The immunorecognition of EGFr
was affected less by fixation in 10% NBF. By con-
trast, fixation for 12 h with 10% NBF followed by
transfer to 70% ethanol between 3 and 168 h pre-
vented significant loss of immunostaining for any
of the antigens studied.

Although the results of our study apply most
directly to immunostaining of cells, the approach
also could be a preliminary model to test whether
the immunorecognition by tissues fixed in 10%
NBF might benefit from transfer to 70% etha-
nol prior to processing to paraffin. This study is
underway.

To evaluate immunohistochemical staining, the
staining score, which considers both the propor-
tion of cells stained and their intensity of staining,
is more sensitive than using only the percentage of
cells stained for identifying subtle changes in immu-
nostaining as described previously (Poczatek et al.
1999).
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MicroRNAs that affect prostate cancer: emphasis
on prostate cancer in African Americans
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Abstract

Although concerted efforts have been directed toward eradicating health disparities in the United
States, the disease and mortality rates for African American men still are among the highest in the
world. We focus here on the role of microRNAs (miRNAs) in the signaling pathways of androgen
receptors and growth factors that promote the progression of prostate cancer to more aggressive
disease. We explore also how differential expression of miRNAs contributes to aggressive prostate

cancer including that of African Americans.

Key words: African Americans, androgens, growth factors, miRNAs, prostate cancer, receptors

Prostate cancer (PCa) is the most common tumor
among men in the United States. Worldwide epide-
miological studies have demonstrated that ethnic
origin is an important determinant of PCa risk, inci-
dence and disease progression (DeLancey et al. 2008,
Jemal et al. 2010). It has been reported that African
American men are more likely to develop PCa at an
earlier age, which translates to a 60% greater risk of
developing PCa, twice the risk of metastatic disease
and greater than twice the PCa associated mortal-
ity of Caucasian Americans (DeLancey et al. 2008,
Wallner et al. 2009). Many factors, including dietary
differences, socio-economic environment, lifestyle
and access to adequate medical care have been impli-
cated in the aggressiveness of PCa in African Amer-
icans (Sanderson et al. 2004, Williams and Powell
2009); however, these variables do not explain the
incidence, aggressiveness and mortality associated
with PCa among African Americans. It is Important
that differential gene expression and molecular fea-
tures of PCas in African Americans as contributing
variables have not been investigated adequately.
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Over the past several years, several reports have
identified molecular factors that may contribute to
the aggressiveness of prostatic neoplastic lesions
including those in African Americans.

Altered expression of a host of genes is widely
believed to underlie tumor development, pro-
gression and metastasis. Although differences in
genomic features have been identified, the expres-
sion of proteins that ultimately causes tumors to
develop and progress is regulated at many levels.
Furthermore, identification of molecular mecha-
nisms that regulate critical cellular processes,
including cell signaling, cell communication, cell
cycle control, cell death, hormonal responses and
tumor-cell invasion/metastasis, remain elusive.
We focus here on the role of multiple signaling
pathways associated with the aggressiveness of
PCas that are understood to be influenced strongly
by post-transcriptional regulation of prostatic
neoplasia by microRNAs (miRNAs).

MiRNAs are small non-coding RNAs that can
regulate gene expression post-transcriptionally
(reviewed by McNally et al. 2013). Hundreds of
miRNAs have been identified as regulators of
various molecular processes and each miRNA may
regulate the expression of many genes. Cancer
type-specific miRNAs can function as oncogenes
(oncomiRNAs), tumor suppressor genes, and regu-
lators of metastasis (mestastamiRNAs) (Cho 2007,
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Esquela-Kerscher et al. 2006, Hurst et al. 2009). Few
miRNAs have been studied specifically in relation
to PCa in African Americans; however, some of the
miRNAs and genes that are expressed differentially
in PCas of Caucasian Americans likely are important
in PCas in African Americans. Also, their actions in
African Americans likely are similar to their actions
in Caucasian Americans.

The literature concerning the expression of
miRNAs in PCas is mixed; many reports do not
identify the same pattern of differential expres-
sion of miRNAs between PCas and prostate tissues
without cancer (Table 1). This likely is due to several
factors that include the lack of homogeneity of the
malignant tissues and/or the tissues used as con-
trols as well as the choice of controls (Grizzle et al.
2013, McNally et al. 2013). For example, in many
tissues, both malignant and nonmalignant, exten-
sive infiltration by inflammatory cells may occur.
Inflammatory cells can produce miRNAs and these
may contribute to overall miRNA in the tissues;
this could result, for example, in the miRNAs from
inflammatory cells being incorrectly attributed to
malignant cells, i.e.,, a false positive result. Unin-
volved nonmalignant prostatic glands and stroma
also frequently contaminate samples of PCa, or alter-
natively, neoplastic cells may contaminate control
samples of the prostate if controls are obtained
from tumor-free regions of prostates with PCa;
such factors decrease the clarity of assessment or
may cause false positive results. As demonstrated in
Fig. 1, infiltrating cancer cells may be mixed with
the glands of BPH or PCa. Similarly, uninvolved
glands may be mixed with cancer and cancer may
be mixed with uninvolved glands.

Theresults for some miRNAs may vary depend-
ing on the preparation of the tissue specimens
(e.g., frozen vs. paraffin embedded) or whether
data are obtained and reported using only cell
lines. The literature indicates that miRNAs in
PCa may vary depending on subcategories of
PCa, e.g., aggressive vs. non-aggressive, primary
vs. metastatic lesions, hormonally responsive PCa
vs. hormonally resistant, variations among races
and mixtures of these categories (Porkka et al. 2007,
Tong et al. 2009, Szczyrba et al. 2010, Watahiki
et al. 2011). The molecular features of uninvolved
prostate glands also may be influenced by the
presence of adjacent tumor (Gaston et al. 2012).
Specific molecular subtypes of prostatic adenocar-
cinomas, e.g., PCas with mutations of p53 and/
or with gene fusions such as TMPRESS2:ERG,
may produce different patterns of expression of
miRNAs. An example of this is miRNA-21, which
has been reported by some to be up-regulated
in PCa (Volinia et al. 2006, Szczyrba et al. 2010),
but not reported by others to be expressed differ-
entially in PCa (Folini et al. 2010). This contradic-
tion may be explained by the reported miRNA-21
suppression of the protein, reversion-inducing
cysteine-rich protein with Kazal motifs (RECK), in
PCa. While Folini et al. (2010) and Reis et al. (2012)
found miRNA-21 to be decreased in the major-
ity of cases of PCa, the latter investigators found
that it was selectively overexpressed and RECK,
and under-expressed in higher stage (pT,) lesions,
especially in metastatic lesions (Watahiki et al.
2011). It is possible also that experimental errors
or incorrect interpretations contribute to variable
results.

Table 1. Examples of miRNAs reported to be inconsistently expressed differentially (different

directions)
References to reports of References to reports of
down-regulation of miRNA up-regulation of miRNA in
in prostate adenocarcinomas prostate adenocarcinomas
MiRNA (fold change if specified) (fold change if specified)
Let-7c Nadiminty et al. 2012 Szczyrba et al. 2010 (2.7)
Ozen et al. 2008
Porkka et al. 2007
miRNA-26b Porkka et al. 2007" Szczyrba et al. 2010 (1.7)
miRNA-125b Szczyrba et al. 2010 (—1.5) Shi et al. 2007
Ozen et al. 2008
miRNA-126 Carlsson et al. Szczyrbra et al. 2010 (1.9)
miRNA-223 Szczyrba et al. 2010 Volinia et al. 2006

'Only in hormone resistant cases
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Fig. 1. Various mixtures of cell types. A) Benign prostate gland (green arrow) with adjacent PCa (red arrow). B) PCa (red
arrows) adjacent to benign prostate glands (green arrows). C) Benign prostate glands (green arrows) with intermixed
inflammatory cells, mostly lymphocytes (black circle). D) PCa (red arrows) surrounded by inflammatory cells that primarily
are lymphocytes (black circle). Hematoxylin and eosin. x 200.

Our review emphasizes the miRNAs that may be
subtype dependent, e.g., androgen refractory PCa, as
well as miRNAs that have been reported more than
once to be involved in PCa and/or to be relevant to
PCas in African Americans. We emphasize miRNAs
and genes that contribute to aggressive PCa, espe-
cially in African Americans, and the role, or putative
role, of miRNAs in regulating genes that affect pro-
gression and metastasis of PCa.

MiRNAs considered to be regulated
differentially in PCas

Several studies have reported that miRNAs are
involved in the development and progression of PCas.
Specifically, miRNAs are known to be expressed dif-
ferentially in PCas compared to benign prostatic tis-
sues (Table 2).

When PCa occurs, it is treated first using
methods to reduce androgens or the effects of
androgens; however, most tumors ultimately
become resistant to the withdrawal of androgens.
Several miRNAs have been associated with the

effects of androgens or modulation of androgen
receptors. Examples of such miRNAs are listed
in Table 3.

MiRNAs appear to play an important role in
the progression of PCa to metastatic disease. In a
study of miRNAs expressed differentially in a met-
astatic PCa cell line developed using xenografts,
Watahiki et al. (2011) identified 23 miRNAs that
were up-regulated more than fivefold in the meta-
static line compared to the matching non-metastatic
cell line and 24 miRNAs that were down-regulated
more than fivefold in the metastatic line. Of the
down-regulated miRNAs, miRNA-205, miRNA-
503, miRNA-708 and miRNA-2115 that were
detected in the non-metastatic cell line, were unde-
tected in the metastatic line. In the metastatic cell
line, miRNA-21 was expressed most strongly and
miR-148 was expressed most strongly in the non-
metastatic cell line. Also, miRNAs from different
DNA arms, e.g., 5p and 3p, sometimes showed
different expressions between metastatic and non-
metastatic subgroups as well as miRNAs with very
small differences between their sequences. For
example, miRNA-126* was down-regulated in the

MicroRNAs and African American prostate cancer 3
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Table 2. Examples of miRNAs reported more consistently to be expressed differentially in prostate

adenocarcinomas

References to consistent reports of
down-regulation of miRNA in prostate
adenocarcinomas (fold change

References to consistent reports of
up-regulation of miRNA in prostate
adenocarcinomas (fold change

MiRNA if specified) if specified)
miRNA-20a Szczyrba et al. 2010 (1.5)
Volinia et al. 2005
miRNA-23b Tong et al. 2008 (—1.2)
Porkka et al. 2007
miRNA-25 Szczyrba et al. 2010 (1.8)
Volinia et al. 2006
Ambs et al. 2008
miRNA-26a Carlsson et al. 2011
Porkka et al. 2007
miRNA-27b Carlsson et al. 2011
Szczyrba et al. 2010
Porkka et al. 2007
miRNA-29a Volinia et al. 2005
Porkka et al. 2007
Szczyrba et al. 2010 (—2.4)
Ru et al. 2012
Porkka et al. 2007?
Steele et al. 2010
miRNA-32 Volinia et al. 2006
Ambs et al. 2008
miRNA-100 Tong et al. 2008 (—1.2)
Porkka et al. 2007
miRNA-106a Szczyrba et al. 2010 (2.8)
Volinia et al. 2006
miRNA-106b Szczyrba et al. 2010 (2.3)
miRNA-143 Szczyrba et al. 2010 (—4)
Porkka et al. 2007
Carlsson et al. 2011
Tong et al. 2008 (—1.3)
miRNA-145 Zaman et al. 2010
Porrka et al. 2007
Ozen et al. 2008
miRNA-205 Hulf et al. 2012
Porkka et al. 2007
miRNA-221 Tong et al. 2008 (—1.3)
Porkka et al. 2007
miRNA-222 Tong et al. 2008 (—1.5)

Porkka et al. 2007

'Only in hormone resistant cases.
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Table 3. MiRNAs associated with hormonally resistant
prostate cancer

Reference to
up-regulation in
hormonally
resistant
prostate cancer

Reference to
down-regulation
in hormonally
resistant prostate
MiRNA cancer

miRNA-100 Porkka et al. 2007

miRNA-124 Shi et al. 2012

miRNA-125b  Shi et al. 2007
Porkka et al. 20072

miRNA-146a  Xu et al. 2012

Li et al. 2008
miRNA-148a  Porkka et al. 2007
miRNA-198 Porkka et al. 2007
miRNA-205 Porkka et al. 2007
miRNA-221 Sun et al. 2009
miRNA-222 Sun et al. 2009
miRNA-345 Porkka et al. 2007
miRNA-448

miRNA-616 Ma et al. 2011

Cell line
2All PCa

metastatic cell line (3.4 fold change), but miRNA-
126 was increased in the metastatic cell line (14
fold change). Selected results from the study of
Watahiki et al. (2011) and other studies are included
in Table 4.

Several of the miRNAs associated with differen-
tial expression in metastatic PCa have been associ-
ated with genes involved in metastasis. For example,
miRNA-205 reduces the protein expression of ZEBI,
which is involved in epithelial to mesenchymal
transition (EMT), and p63 acts by stimulating
miRNA-205 to inhibit ZEB1 and therefore EMT
(Tucci et al. 2012). Similarly, miRNA-203 targets
and inhibits ZEB2 and other miRNAs involved in
metastasis including Runx2, a major participant in
bone metastases, and survivin, poly-comb repres-
sor, Bmi and SMADA4 (Saini et al. 2011).

MiRNAs expressed differentially in
African American prostate tumors

Calin and Croce (2006) reported that miRNA-1b-1,
miRNA-26a and miRNA-30c-1, miRNA-219, and

miRNA-301 are expressed differentially in PCas
from African Americans compared to those from
Caucasian Americans (Calin and Croce 2006).
We extended this study using cultures of the
novel African American PCa cell lines, RC77N/E,
RC77T/E and MDA-2Pca-2b. The expression of
miRNA-26a in these cell lines was compared to
its expression in the Caucasian American derived
cell lines, PrEC, RC-92a and PC-3 (Theodore et al.
2010a,b). Comparing African American to Cau-
casian American derived cell lines derived from
tumors of the same grade and stage, we found a
2.3 fold increase of miRNA26a in nonmalignant
cell lines, a 13.4 fold increase in malignant cell
lines and 2.4 fold increase in metastatic cell lines.
PCa cell lines from African Americans showed the
greatest expression of miRNA-26a among all cell
lines tested. Our unpublished data indicate that
after only 10 min, miRNA-26a is responsive to EGF
stimulation and depletion of miRNA-26a induces
G2/M arrest and subsequent activation of caspase
3/7. Thus, the increased incidence of PCa associated
with the African American race may be associated
with regulation of genes associated with apoptosis.
For example, Bcl-2, an anti-apoptotic protein and a
miRNA-26a target, has altered expression in African
American PCa (Guo et al. 2000).

The expression of miRNA-151 in African
American men after radical prostatectomy with
undetectable postoperative prostate specific antigen
has been compared with miRNA-151 expression in
African Americans who had radiation or androgen
ablation therapy followed by rising prostate spe-
cific antigen levels. MiR-151 was increased and the
NKX3-1 gene, which it regulates, decreased in 67%
of African American patients with rising PSA who
were treated with radiation or androgen ablation
compared to only 17% of African American patients
without increasing PSA who were treated with
radical prostatectomy (Barnabas et al. 2011). Simi-
larly, miRNA151 expression has been reported to
be correlated with the aggressive characteristics
of hepatocellular carcinoma cell lines (Ding et al.
2010). Thus, miRNA-151 eventually might be
useful for identifying aggressive PCa in African
American men.

MiRNAs, androgens, androgen
receptors and race

PCa growth depends on testosterone and its active
metabolite, So-dihydrotestosterone (DHT). Levels of
testosterone and DHT differ among different ethnic
groups; both male and female African Americans

MicroRNAs and African American prostate cancer 5
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Table 4. Examples of miRNAs expressed differentially in metastatic prostate cancer and also identified by other studies
(based primarily on Volinia et al. 2006, Porkka et al. 2007, Tong et al. 2009, Szczyrba et al. 2010, Watahiki et al. 2011,
Carlsson et al. 2011)

Previously reported to be

Down-regulated in differentially expressed in
metastatic cell line prostate cancer compared to
(fold change if benign prostatic tissue (fold

Previously reported
as affecting
metastasis in a
different cancer

Previously identified
as modulating
metastasis of

MiRNA specified) change if specified) prostate cancer (e.g., breast cancer)
miRNA-16 (—20) Down-regulated? Yes Yes
miRNA-24 (—8) (—1.5) Yes
miRNA-29a (—30) (—2)

miRNA-34a (—3) Down-regulated? Yes Yes
miRNA-126* (—3) Down-regulated?

miRNA-145 (—3) (—4) Yes Yes
miRNA-195 (—5) Down-regulated?

miRNA-203 (—1.5) Down-regulated? Yes Yes
miRNA-205 (NA)? Down-regulated? Yes Yes
miRNA-221  Down-regulated?® (—1.3)(—2) Yes* ok
miRNA-425 (—6) Down-regulated?
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Previously reported to be
differentially expressed in
metastatic cell line prostate cancer compared to
benign prostatic tissue (fold

Up-regulated in

(fold change if

Previously reported
as affecting
metastasis in a
different cancer

Previously identified
as modulating
metastasis of

miRNA specified) change if specified) prostate cancer (e.g., breast cancer)
Let7i 2) Up-regulated? Yes
miRNA-21 1.7) Variable reports Yes
miRNA-106a (3.3) (2.8) Yes

Cannot be calculated because it was not detectible in metastatic tumors

2Extent of differences in expression

*Correlated with TMPRESS2:ERG fusion (Gordanpour et al. 2011)

**Up-regulated in aggressive breast cancer and hepatocellular carcinoma (Shah and Calin 2011, Fu et al. 2010)

show greater levels of both hormones from birth
through adolescence than Caucasian Americans
(Abdelrahaman et al. 2005, Joseph et al. 2002,
Winters et al. 2001).

The enzyme, 5-a-reductase type 2, which con-
verts testosterone into DHT, may cause elevated
levels of DHT in African Americans, because the
activity of the gene, SRD5A2, which codes for
this enzyme, is elevated in African Americans
(Morissette et al. 1996, Litman et al. 2006, Thomas
et al. 2008). Also, genetic variations of the SRD5A2
gene in African American men, such as TA repeat
alleles and mis-sense mutations (A49T variant),
cause increased activity of 5-o-reductase (Giwerc-
man et al. 2005), which is correlated with increased
risk of PCa (Kubricht et al. 1999, Li et al. 2011). In
addition, over-expression of 5-o-reductase type 1
causes increased sensitivity to androgens in PCa
cells (Thomas et al. 2009).

African American men have fewer G and
GGC repeats in the androgen receptor gene than
Caucasian American men (Bennett et al. 2002, Irvine
et al. 1995, Platz et al. 2000, Sartor et al. 1999); this

is correlated with a more active androgen receptor
and increased sensitivity to circulating androgens
(Beilin et al. 2000, Chamberlain et al. 1994). Increased
androgenic activity has been demonstrated in both
benign and malignant prostatic tissue in Afri-
can American men and may explain why African
Americans with PCa have lower biochemical failure
rates after androgen deprivation therapy (androgen
deprivation therapy) than Caucasian Americans
(Gaston et al. 2003). It is interesting that African
Americans with metastatic PCa whose tumors have
become androgen resistant (characteristic of the
phenotype that develops under conditions of low
androgen receptor levels) exhibit poorer responses
to chemotherapy, poorer therapeutic outcomes, and
poorer quality of life than comparable Caucasian
American patients (Thatai et al. 2004).

As a transcription factor, androgen receptor
regulates positively and negatively the expression
of hundreds of both coding and noncoding RNA
targets, including miRNA-125b, which is up-
regulated by androgens. MiRNA-125b suppresses
Bakl and induces androgen-independent growth
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of LNCaP and the subline, cdal LNCaP (Shi et al.
2007). Similarly, it has been reported that miRNAs
are involved in the androgen receptor signaling
pathway. Ribas et al. (2009) demonstrated that
androgen receptor binds to the promoter of
miRNA-21, which in turn can stimulate both hor-
mone-dependent and -independent PCa growth.
Forced expression of miRNA-21 enhanced PCa
growth in vivo and enabled androgen-dependent
cancer cell lines to overcome castration-mediated
growth arrest (Ribas et al. 2009). MiRNA-21 has
been reported to be associated with high stage and
metastatic PCas (Reis et al. 2012, Li et al. 2012) and
serum levels of miRNA-21 have been reported to
be elevated in patients with metastatic hormone-
refractory PCa (Li et al. 2011, Zhang et al. 2011,
Agaoglu et al. 2011). Agaoglu et al. (2011) also
reported higher levels of miRNA-221 in the blood of
patients with PCa. Although it has not been deter-
mined whether there is racially associated expression
of miRNA-21, this miRNA could provide valuable
insight into the progression of aggressive PCas.

Ostling et al. (2011) reported that miRNA-9,
miRNA-34a, miRNA-34c, miRNA-135b, miRNA-
185, miRNA-297, miRNA-299-3p, miRNA-371-3p,
miRNA-421, miRNA-449a, miRNA-449b, miRNA-
634, and miRNA-654-5p can bind directly to the 6kB
extended arm of the 3" UTR of androgen receptor.
The majority of these miRNAs regulate andro-
gen receptor primarily through the extended arm
region, and miRNA-34a and miRNA-34c correlate
negatively with androgen receptor expression levels
in clinical cases of PCa (Ostling et al. 2011). MiRNA-
34a also was demonstrated to be a key regulator
of the CD44 positive putative stem cell population
in PCas (Ostling et al. 2011, Liu et al. 2011). Given
the important role of cancer stem cells (CSC) in
development of PCa, miRNA-34a could be a novel
therapeutic target for PCa (Fujita et al. 2008).

The expression and activity of androgen receptor
plays not only a central role in development of PCa,
but also is important for the development of castra-
tion-resistant or hormonally resistant PCa (HRPC).
The let 7 family of miRNA’s have been shown to
play a pivotal role in PCa. Let-7c is a key suppres-
sor of androgen receptor expression by targeting
c-Myc. (Chang et al. 2009). Down-regulation of
let-7c in PCa specimens is correlated inversely with
androgen receptor expression, while the expression
of Lin-28, a repressor of let-7, is correlated positively
with androgen receptor expression. Furthermore,
suppression of androgen receptor by let-7c causes
decreased proliferation of PCa cell lines (Nadiminty
et al. 2010) and miRNA-146a behaves similarly by
targeting the androgen receptor directly (Lin et al.

2008). The miRNAs that affect or are affected by
androgens including let7c, miRNA-34a, miRNA-
34c, and miRNA-146a have not been evaluated
directly in PCa of African Americans, but given the
clear contribution of androgen receptor signaling
to aggressive PCa in African American men, more
investigation in this area is warranted.

Although once viewed as separate events in the
development and progression of PCa, Sun et al.
(2012) found a relationship between epithelial to
mesenchymal transition (EMT) and androgen-
deprivation therapy; this is discussed below.

MiRNAs and growth factor expression

The growth factors and their receptors that have
been reported to be involved in PCa include mem-
bers of the epidermal growth factor (EGF), scatter
factor /hepatocyte growth factor (SF/HGF), trans-
forming growth factor beta (TGF) and basic fibro-
blast growth factor (bFGF) families. These growth
factors are responsible for modulating cellular dif-
ferentiation, migration, proliferation and cell death,
e.g., apoptosis. EGFR has been implicated in epi-
thelial cell malignant transformation in most PCa
cell lines in which androgen-independent cells,
e.g., DU145, express more EGFR than the androgen
dependent cell lines (De Miguel et al. 1999, Kim
et al. 1999, Turner et al. 1996). Membrane-specific
EGFR has been reported to be over-expressed in
prostate tumors from African Americans and to be
correlated with higher pre-treatment levels of pros-
tate specific antigen and higher stage tumors (Shuch
et al. 2004, Douglas et al. 2006). Douglas et al. (2006)
also reported four novel mis-sense mutations in
exons 19, 20 and 21 of the EGFR tyrosine kinase
domain in Koreans and Caucasian Americans,
but none of these mutations was found in African
Americans (Douglas et al. 2006). It is interesting that
in hormonally resistant PCa, miRNA-146a, binds to
the 3’-UTR of the mRNA of EGFR and inhibits its
downstream signaling, e.g., pERK1/2 and MMP2.
The expression of miRNA-146a was decreased
in HRPC compared to androgen-dependent PCa
(ADPC)(Li et al. 2008, Xu et al. 2012). This corre-
lates with increased expression of EGFR in DU145
cells. Similarly, miRNA-146a down-regulates EGFR
in pancreatic cancer (Li et al. 2010). MiRNA-132,
which targets heparin-binding epidermal growth
factor and TALIN2, is thought to control cellular
adhesion and to play a role in suppressing metas-
tases in PCa (Formosa et al. 2012).

In PCa, autocrine signaling by EGFR leads to
dysregulation of various signaling cascades that
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have been shown to be dysregulated in PCa in
African Americans. For example, over-expression
of EGFR associated Son of Sevenless homolog 1
(S0S1), activator of Ras/MAPK and downstream
MMP proteins, have been linked with PCa in Afri-
can Americans (Hatcher et al. 2009, Shuch et al. 2004,
Timofeeva et al. 2009). Recently, we demonstrated
that Kaiso, a BTB-POZ methylation binding pro-
tein, is up-regulated in late stage prostate tumors,
and this is the result of EGFR signaling (Jones et al.
2012). In addition to EGFR, TGFo, HER2 and HER3
also are expressed in PCa (Myers et al. 1994, 1995).
MiRNA-331-3p binds to the 3’ UTR of the mRNA
for HER?2, inhibits the expression of HER2 and
indirectly reduces androgen receptor signaling by
decreasing HER?2 (Epis et al. 2009).

Androgen deprivation therapy has been shown
to enhance EMT in LnCaP cells and to promote
chemoresistance by ZEB1, which mediates andro-
gen deprivation-induced EMT by a bi-directional,
negative feedback loop including miRNA-200.
Expression of ZEB1 and ZEB2, which facilitate
development of EMT, are regulated negatively by
five members of the miRNA-200 family (miRNA-
141, miRNA-200a, miRNA-200b, miRNA-200c, and
miRNA-429), which are highly homologous. These
miRNAs have been reported to bind directly to the 3’
UTR of ZEB1 and to cause degradation of its mRNA,
which results in up-regulation of E-cadherin in cell
lines of several cancers (Burk et al. 2008, Wellner
et al. 2009, Gregory et al. 2011).

Several reports have shown that EGFR and
platelet-derived growth factor receptor (PDGEF-R)
influence the expression of the miRNA-200 family.
By their regulation of the EMT process, the miRNA-
200 family affects sensitivity to therapy focused on
EGEFR and its signal transduction pathway in cell
lines of several cancers including those of the blad-
der, breast, lung and pancreas. In general, there are
both autocrine and paracrine signaling networks
that involve TGFP and the miRNA-200 family; a
ZEB/MiR-200 balance shifts cells between epithelial
and mesenchymal phenotypes (Gregory et al. 2011).
The re-expression of miRNA-200s is sufficient to
reverse the mesenchymal phenotype to an epithelial
profile (Korpal et al. 2008) and to re-establish EGFR
dependency in several cell lines of various cancers.
ZEBI also represses the epithelial phenotype in PCa
cells and therefore facilitates cellular transendothe-
lial migration (Drake et al. 2009).

Platelet-derived growth factor-D (PDGF-D)
has been shown to induce EMT in PC-3 cells and
to decrease the expression of members of the
miRNA-200 family. Specifically, PDGF-D induces
EMT by up-regulation of ZEB1, ZEB2 and Snail

by down-regulation of miRNA-200a, miRNA-200b
and miRNA-200c. TGFp increases the expression of
ZEBs and DNA methylation of miRNA-200s, while
miRNA-200s inhibit ZEBs (Gregory et al. 2011).
When miRNA-200b was re-expressed in PC-3 cells,
ZEB1, ZEB2, and Snail decreased and this decrease
caused a reversal of EMT; EMT has been associated
with decreased cellular migration and invasion as
well as changes in cancer stem-like cells (Kong et al.
2008, 2009, 2010). In breast cancer, miRNA-221/222
opposes the actions of the miRNA-200s (Howe et al.
2012), so the effects of the miRNA-200s in PCa might
be reversed by miRNA-221/222. Confirmation of
this in PCa would be useful for understanding how
the actions of specific miRNAs can be generalized.
The interactions between the miRNA-200 family
and ZEB1, ZEB2 and Snail have been reported for
several types of tumors, so this seems to be a gen-
eral feature of EMT regulation of several types of
cancer. MiRNA-203 and miRNA-205 also are likely
to regulate EMT (Tucci et al. 2012, Vandenabeele
et al. 2012, Saini et al. 2011).

In addition to EGFR and PDGF-R, activation of
IGFR is involved in modulating EMT. High serum
levels of insulin-like growth factor-I (IGF-1) and
lower levels of IGF binding protein-3 (IGFBP-3)
have been shown to be associated with increased
risk of PCa (Chan et al. 2000, Hernandez et al. 2007,
Tricoli et al. 1999). In a cohort of 401 patients with
PCa and 366 age, sex and ethnicity matched con-
trols, it was found that variations in the 5’-untrans-
lated region of both the IGF-1 and IGFBP-3 genes
may have increased IGF serum levels and that
the increased levels were correlated with PCa in
African Americans (Hernandez et al. 2007, Yates
et al. 2005, 2007). As with EGFR, we and others have
demonstrated that activation of IGFR-1 is respon-
sible for the loss of cell-cell adhesion, which leads
to EMT promotion of metastasis (Graham et al.
2008, Yates et al. 2007) by increased Snail, ZEB1 and
ZEB2 (Graham et al. 2008). Interestingly, in meta-
static pancreatic cancer cell lines, IGF-R1 is regu-
lated positively by miRNA-100; both miRNA-100
and IGF-R1 are increased in pancreatic cancer cell
lines that have the potential to metastasize, but not
in pancreatic cancer cell lines that do not have the
potential to metastasize (Huang et al. 2013).

MiRNAs and regulation of oncogenes,
suppressor genes and other genes
that affect PCa

Several miRNAs may affect the growth and pro-
gression of PCa by interactions with oncogenes,
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Table 5. Actions of miRNA on oncogenes and suppressor genes in prostate cancer

MiRNAs down-regulated by
hypermethylation of their

MiRNAs with
hypomethylated

MiRNA control elements control elements
miRNA-34a Kong et al. 2012
miRNA-145 Suh et al. 2011
miRNA-124 Lujambio et al. 2007
Shi et al. 2012
miRNA-196b Hulf et al. 2011
miRNA-126 Saito et al. 2009
miRNA-200c Vrba et al. 2010
miNAR-141 Vrba et al. 2010
miRNA-615 Hulf et al. 2011

suppressor genes and genes involved in progres-
sion and metastasis. For example, miRNA-221 and
miRNA-222 target the mRNA of the suppressor
gene, androgen receptor, ARHI (Chen et al. 2011);
it is interesting that genistein down-regulates
miRNA-221 and miRNA-222 and by this pathway
decreases androgen receptor, ARHI. MiRNA-221
and miRNA-222 also down-regulate the androgen-
sensitive cell cycle inhibitor, p27P-1 (Myers et al.
1999, Sun et al. 2009). Similarly, by analogy to breast
cancer, miRNA-221 and miRNA-222 might counter
the effects of the miRNA-200 family on EMT (Howe
et al. 2012). The targets of the miRNA-200 family
also include ERRFI-1, which is a novel regulator of
EGFR-independent growth. Similarly, the protein,
high motility group AT-hockgene 1(HMGA1), is a
nuclear binding protein that has oncogenic proper-
ties by facilitating chromosomal instability. HMGA1
is increased in high grade and advanced stage PCa.
The expression of HMGAL1 is inhibited by miRNA-
296, which acts with HMGAL1 to inhibit proliferation
(Wei et al. 2011). It is noteworthy that the expres-
sions of miRNA-1 and miRNA-133a are decreased
in PCa and that these inhibit purine nucleoside
phosphorylase (PNP), which facilitates prolifera-
tion, migration and invasion of the PC3 and DU145
PCa cell lines. Thus, miRNA-1 and miRNA-133a act
as suppressor genes.

MiRNA-616 induces androgen independent
growth by targeting tissue factor pathway inhibitor 2
(TFPI-2). MiRNA-101 may reduce the growth of PCa
by inhibiting the expression of Cox2 by targeting the
3’ untranslated region (3'-UTR) of the mRNA of
Cox2 (Hao et al. 2011).

MiRNAs and epigenetic control of PCa

Epigenetic control of PCa involves specific miRNAs
thataretargets,i.e., epigenetically regulated (Table5),

and/or some miRNAs directly affect enzymes and
other molecules involved in epigenetic control
(Paone et al. 2011). Examples of miRNAs that mod-
ulate epigenetic control in PCa include miRNA-101,
which inhibits the oncogenetic protein enhancer of
zeste homolog 2 (EZH2) and miRNA-449a, which
down-regulates histone deacetylase 1 (Varambally
et. al. 2008, Cao et al. 2010, Noonan et al. 2009).
Similarly, miRNA-34b down-regulates DNA methyl
transferases and histone deacetylases (Majid et al.
2012). Regulation of miRNAs by methylation of
CpG islands in their promoters may be quite vari-
able in PCa. For example, only 42% of PCas, which
had methylated promoters for miRNA-132 were
also correlated with both Gleason scores and stages
of the tumors (Formosa et al. 2012).

MiRNA therapy for PCa

Because of the involvement of miRNAs in regu-
lating the androgen receptor, it would be logical
to expect that targeting selected miRNAs or up-
regulation of specific miRNAs might be important
for androgen deprivation therapy. The develop-
ment of “antagomiRNAs,” which are small oligo-
nucleotides chemically engineered to target small
nucleotide regions of specific miRNAs to selec-
tively silence the targeted miRNA, should lead to
approaches that make androgen deprivation therapy
more effective initially and that extend the response
of PCa to androgen deprivation therapy (Kriitzfeldt
et al. 2005). Similarly, the involvement of miRNAs
in modulating responses to chemotherapeutic drugs
could be important for therapies for PCa.

When PCas fail androgen deprivation therapy,
chemotherapy is used primarily for palliative
therapy and to extend survival. Thus, it would be
interesting to determine whether modulating spe-
cific miRNAs might make chemotherapeutic agents
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more effective and reduce and/or retard the devel-
opment of chemoresistance to specific drugs. In this
regard, the ectopic expression of miRNA-21 has
been associated with resistance to docetaxel in PC3
cells (Shi et al. 2010). By contrast, ectopic expression
of miRNA-34a decreases the phenotypic expression
of the protein, silent mating type information regu-
lation 2/homolog 1 (S. conevisiae) (SIRT1) as well as
Bcl-2 and HUR,, These changes enhanced the chemo-
sensitivity of PC3 cells to camptothecin (Fajita et al.
2008) and PC3 paclitaxel resistant cells (PC3PR) to
paclitaxel (Kojima et al. 2010). Also, chemoresistance
may be induced by miRNA stimulation of specific
pathways such as hedgehog (Singh et al. 2012). In
addition, miRNAs such as miRNA-210 modulate
a stress response to therapeutic approaches (Cui
et al. 2012). These and similar studies suggest that
miRNAs are involved in both chemosensitivity and
development of chemoresistance, hence their mod-
ulation may improve therapy for PCa.

Several signaling pathways appear to be dys-
regulated at the post-transcriptional level in PCa.
The involvement of miRNAs in molecular regula-
tion of genes and underlying tumor biology could
explain the aggressiveness observed in some PCa;
however, more insight into the post-transcriptional
regulation of the genes involved in the develop-
ment and progression of PCa is needed before
miRNAs can be used for therapeutic targeting and
as biomarkers. There are a few reports that regula-
tion of gene expression by miRNAs contributes to
aggressive disease in African American patients.
More work is needed to explore miRNA mediated
gene regulation that affects the African American
population disproportionally.

Acknowledgments

This work was funded in part by the G12 RR03059-
21A1 (NIH/RCMI), a pilot project on U54 Cauca-
sian American118623 (NIH/NCI), and by DOD
Grant W81XWH-10-1-0543.

Declaration of interest: The authors report no
conflicts of interest. The authors alone are respon-
sible for the content and writing of the paper.

References

P> Abdelrahaman E, Raghavan S, Baker L, Weinrich M,
Winters SJ (2005) Racial difference in circulating sex
hormone-binding globulin levels in prepubertal boys.
Metabolism 541: 91-96.

» Agaoglu FY, Kovancilar M, Dizdar Y, Darendeliler E,
Holdenrieder S, Dalay N, Grezer U (2011) Investigation
of miR-21, miR-141, and miR-221 in blood circulation of
patients with prostate cancer. Tumor Biol. 32: 583-588.

»Ambs S, Prueitt RL, Yi M, Hudson RS, Howe TM,
Petrocca F, Wallace TA, Liu CG, Volinia S, Calin GA,
Yfantis HG, Stephens RB, Croce CM (2008) Genomic
profiling of microRNA and messenger RNA reveals
deregulated microRNA expression in prostate cancer.
Cancer Res. 68: 6162-6170.

»Barnabas N, Xu L, Savera A, Hou Z, Barrack ER (2011)
Chromosome 8 markers of metastatic prostate cancer in
African American men: gain of the MIR151 gene and loss
of the NKX3-1 gene. Prostate 718: 857-871.

»Beilin J, Ball EM, Favaloro JM, Zajac JD (2000) Effect
of the androgen receptor CAG repeat polymorphism on
transcriptional activity: specificity in prostate and non-
prostate cell lines. J. Mol. Endocrinol. 251: 85-96.

»Bennett CL, Price DK, Kim S, Liu D, Jovanovic BD,
Nathan D, Johnson ME, Montgomery JS, Cude K,
Brockbank JC, Sartor O, Figg WD (2002) Racial variation
in CAG repeat lengths within the androgen receptor gene
among prostate cancer patients of lower socioeconomic
status. J. Clin. Oncol. 2017: 3599-3604.

» Burk U, Schubert J, Wellner U, Schmalhofer O, Vincan
E, Spaderna S, Brabletz T (2008) A reciprocal repression
between ZEB1 and members of the miR-200 family pro-
motes EMT and invasion in cancer cells. EMBO Rep. 96:
582-589.

»Calin GA, Croce CM (2006) MicroRNA signatures in
human cancers. Nat. Rev. Cancer 611: 857-866.

»Cao P, Deng Z, Wan M, Huang W, Cramer SD, Xu J,
Lei M, Sui G (2010) MicroRNa-101 negatively regulates
Ezh2 and its expression is modulated by androgen recep-
tor and HIF-1o./HIF-1fB. Molec. Cancer 9: 108

»Carlsson J, Davidsson S, Helenius G, Karlsson M,
Lubovac Z, Andrén O, Olsson B, Klinga-Levan K (2011)
A miRNA expression signature that separates between
normal and malignant prostate tissues. Cancer Cell Int.
11: 14.

» Chamberlain NL, Driver ED, Miesfeld RL (1994) The
length and location of CAG trinucleotide repeats in the
androgen receptor N-terminal domain affect transactiva-
tion function. Nucl. Acids Res. 2215: 3181-3186.

»Chan JM, Stampfer M ], Giovannucci E, Ma J,
Pollak M (2000) Insulin-like growth factor I (IGF-I), IGF-
binding protein-3 and prostate cancer risk: epidemiologi-
cal studies. Growth Horm. IGF Res. 10, Suppl A: S32-33.

»Chang TC, Zeitels LR, Hwang HW, chivukula RR,
Wentzel EA, Dews M, Jung J, Gao P, Dang CV, Beer
MA, Thomas-Tikhonenko A, Mendell JT (2009) Lin-
28B transactivation is necessary for Myc-mediated let-7
repression and proliferation. Proc. Natl. Acad. Sci. USA
1069: 3384-3389.

»Chen Y, Zaman MS, Deng G, Majid S, Saini S, Liu J,
Tanaka Y, Dahhiya R (2011) MicroRNAs 221/222 and
genistein-mediated regulation of ARHI tumor suppressor
gene in prostate cancer. Cancer Prev. Res. 4: 76-86

»Cho WC (2007) OncomiRs: the discovery and progress of
microRNAs in cancers. Mol. Cancer 6: 60.

10 Biotechnic & Histochemistry 2013, Early Online: 1-14

RIGHTS LI N Kdx



Biotech Histochem Downloaded from informahealthcare.com by 70.193.138.54 on 08/01/13
For personal use only.

»Cui H, Grosso S, Schelter F Mari B, Kriiger A (2012)
On the pro-metastatic stress response to cancer therapies:
evidence for a positive co-operation between TIMP-1,
HIF-1o, and miR-210. Front. Pharmacol. 3: 134.

»De Miguel P, Royuela, Bethencourt R, Ruiz A,
Fraile B, Paniagua R (1999) Immunohistochemical com-
parative analysis of transforming growth factor alpha,
epidermal growth factor, and epidermal growth factor
receptor in normal, hyperplastic and neoplastic human
prostates. Cytokine 119: 722-727.

»DeLancey JO, Thun MJ, Jemal A, Ward EM (2008) Recent
trends in black-white disparities in cancer mortality. Can-
cer Epidemiol. Biomarkers Prev. 1711: 2908-2912.

»Ding J, Huang S, Wu S, Zhao Y, Liang L, Yan M, Ge C,
Yao J, Chen T, Wan D, Wang H, Gu J, Yao M, Li J,
Tu H, He X (2010) Gain of miR-151 on chromosome
8q24.3 facilitates tumour cell migration and spreading
through downregulating RhoGDIA. Nat. Cell Biol. 12:
390-399.

»Douglas DA, Zhong H, Ro JY, Oddoux C, Berger AD,
Pincus MR, Satagopan JM, Gerald WL, Scher HI, Lee
P, Osman I (2006) Novel mutations of epidermal growth
factor receptor in localized prostate cancer. Front. Biosci.
11: 2518-2525.

»Drake JM, Strohbehn G, Bair TB, Moreland ]G,
Henry MD (2009) ZEB1 enhances transendothelial migra-
tion and represses the epithelial phenotype of prostate
cancer cells. Mol. Biol. Cell. 20: 2207-2217.

»Epis MR, Giles KM, Barker A, Kendrick TS, Leedman
PJ (2009) miR-331-3p regulates ERBB-2 expression and
androgen receptor signaling in prostate cancer. J. Biol.
Chem. 284: 24696-24704.

»Esquela-Kerscher A, Slack FJ (2006) Oncomirs-microRN As
with a role in cancer. Nat. Rev. Cancer. 64: 259-269.

»Foliini M, Gandellini P, Longoni N, Profumo YV,
Callari M, Pennati M, Colecchia M, Supino R,
Veneroni S, Salvioni R, Valdagni R, Daidone MG,
Zaffarino N (2010) miR-21: an oncomir on strike in pros-
tate cancer. Molec. Cancer 9: 12.

»Formosa A, Lena AM, Markert EK, Cortelli S,
Miano R, Mauriello A, Croce N, Vandesompele J,
Mestdagh P, Finazzi-Argro E, Levine AJ, Melino G,
Bernardidni S, Candi E (2012) DNA methylation silences
miR-132 in prostate cancer. Oncogene 32: 127-134.

»Fu X, Wang Q, Chen J, Huang X, Chen X, Cao L,
Tan H, Li W, Zhang L, Bi J, Su Q, Chen L (2011) Clinical
significance of miR-221 and its inverse correlation with
p27XPl in hepatocellular carcinoma. Molec. Biol. Rept. 38:
3029-3035

»Fujita Y, Kojima K, Hamada N, Ohhashi R, Akao Y,
Nozawa Y, Deguchi T, Ito M (2008) Effects of miR-34a on
cell growth and chemoresistance in prostate cancer PC3
cells. Biochem. Biophys. Res. Commun. 377: 114-119.

»Gaston KE, Kim D, Singh S, Ford OH 3rd, Mohler
JL (2003) Racial differences in androgen receptor pro-
tein expression in men with clinically localized prostate
cancer. J. Urol. 1703: 990-993.

»Giwercman YL, Abramsson PA, Giwercman A,
Gadaleanu V, Ahlgren G (2005) The 5 alpha-reductase

type II A49T and V89L high-activity allelic variants are
more common in men with prostate cancer compared
with the general population. Eur. Urol. 484: 679-685.

» Gordanpour A, Stanimirovic A, Nam RK, Moreno CS,
Sherman C, Sugar L, Seth A (2011) miR-221 is down-
regulated in TMPRSS2:ERG fusion-positive prostate
cancer. Anticancer Res. 31: 403-410.

» Graham TR, Zhau HE, Odero-Marah VA, Osunkoya AO,
Kimbro KS, Tighiouart M, Liu T, Simons JW, O’'Regan
RM (2008) Insulin-like growth factor-I-dependent up-
regulation of ZEB1 drives epithelial-to-mesenchymal
transition in human prostate cancer cells. Cancer Res. 687:
2479-2488.

»Gregory PA, Bracken CP, Smith E, Berg AG, Wright JA,
Roslan S, Morris M, Watt L, Farshid G, Lim YY, Lin-
deman GJ, Shannon MF, Drew PA, Kew-Goodall Y,
Goodall GJ. (2011) An autocrine TGF-B/ZEB/miR-200
signaling network regulates establishment and mainte-
nance of epithelial-mesenchymal transition. Molec. Biol.
Cell 22: 1686-1698.

»Guo Y, Sigman DB, Borkowski A, Kyprianou N (2000)
Racial differences in prostate cancer growth: apoptosis
and cell proliferation in Caucasian and African-American
patients. Prostate 422: 130-136.

»Hao Y, Gu X, Zhao Y, Greene S, Sha W, Smoot DT,
Califano J, Wu TC, Pang X (2011) Enforced expression
of miR-101 inhibits prostate cancer cell growth b modu-
lating the COX-2 pathway in vivo. Cancer Prev. Res. 4:
1073-83.

Hatcher D, Daniels G, Osman I, Lee P (2009) Molecular
mechanisms involving prostate cancer racial disparity.
Am. J. Transl. Res. 13: 235-248.

»Hernandez W, Grenade C, Santos ER, Bonilla C,
Ahaghotu C, Kittles RA (2007) IGF-1 and IGFBP-3 gene
variants influence on serum levels and prostate cancer risk
in African-Americans. Carcinogenesis 2810: 2154-2159.

»Howe EN, Cochrane DR, Richer JK (2012) The miR-200
and miR-221/222 microRNA families: opposing effects on
epithelial identity. . Mam. Gland Biol. Neoplasia 17: 65-77.
Huang JC, Egger ME, Grizzle WE, McNally LR (2013)
MicroRNA-100 regulates IGFl-receptor expression in
metastatic pancreatic cancer cells. Biotech & Histochem.
In press.

»Hulf T, Sibbritt T, Wiklund ED, Bert S, Strbenac D,

Statham AL, Clark SJ (2011) Discovery pipeline for epi-
genetically deregulated miRNAs in cancer integration of
primary miRNA transcription. BMC Genom. 12: 54.
Hulf T, Sibbritt T, Wiklund ED, Patterson K, Song JZ,
Stirzaker C, Qu W, Nair S, Horvath LG, Armstrong NJ,
Kench JG, Sutherland RL, Clark SJ (2012) Epigenetic-
induced repression of microRNA-205 is associated with
MED1 activation and a poorer prognosis in localized
prostate cancer. Oncogene 6 August 2012; doi:10.1038/
onc.2012.300

» Hurst DR, Edmonds MD, Welch DR (2009) Metastamir:
the field of metastasis-regulatory microRNA is spreading.
Cancer Res. 6919: 7495-7498.

Irvine RA, Yu MC, Ross RK, Coetzee GA (1995) The
CAG and GGC microsatellites of the androgen receptor

MicroRNAs and African American prostate cancer 11

RIGHTS LI N Kdx



Biotech Histochem Downloaded from informahealthcare.com by 70.193.138.54 on 08/01/13
For personal use only.

gene are in linkage disequilibrium in men with prostate
cancer. Cancer Res. 559: 1937-1940.

»Jemal A, Siegel R, Xu J, Ward E (2010) Cancer statistics.
CA Cancer ]. Clin. 605: 277-300.

»Jones J, Wang H, Zhou J, Hardy S, Turner T, Austin
D, He Q, Wells A, Grizzle WE, Yates C (2012) Nuclear
Kaiso indicates aggressive prostate cancers and promotes
migration and invasiveness of prostate cancer cells.
Am. ]. Pathol. 181: 1836-1846.

»Joseph MA, Wei JT, Harlow SD, Cooney KA, Dunn RL,
Jaffe CA, Montie JE, Schottenfeld D (2002) Relationship
of serum sex-steroid hormones and prostate volume in
African American men. Prostate 534: 322-329.

Kim HG, Kassis J, Souto JC, Turner T, Wells A (1999)
EGF receptor signaling in prostate morphogenesis and
tumorigenesis. Histol. Histopathol. 144: 1175-1182.

»Kojima K, Fujita Y, Nozawa Y, Deguchi T, Ito M (2010)
miR-34a attenuates paclitaxel-resistance of hormone-
refractory prostate cancer PC3 cells through direct and
indirect mechanisms. Prostate 70: 101-1512.

»Kojima S, Chiyomaru T, Kawakami K, Yoshino H, Enok-
ida H, Nohata N, Fuse M, Ichikawa T, Naya Y, Naka-
gawa M, Seki N (2012). Tumour suppressors miR-1 and
miR-132a target the oncogenic function of purine nucle-
oside phosphorylase (PNP) in prostate cancer. Br. J. Cancer
106: 405-413.

»Kong D, Wang Z, Sarkar SH, Li Y, Banerjee S, Saliganan
A, Kim HR, Cher ML, Sarkar FH (2008) Platelet-derived
growth factor-D overexpression contributes to epithelial
mesenchymal transition of PC3 prostate cancer cells. Stem
Cells 26: 1425-1435.

»Kong D, Li Y, Wang Z, Banerjee S, Ahmad A, Kim HRC,
Sarkar FH (2009) miR-200 regulates PDGF-D-mediated
epithelial-mesenchymal transition, adhesion, and inva-
sion of prostate cancer cells. Stem Cells 27: 1712-1721.

»Kong D, Banerjee S, Ahmad A, Liu Y, Wang Z, Sethi S,

Sarkar FH (2010) Epithelial to mesenchymal transition is
mechanistically linked with stem cell signatures in pros-
tate cancer cells. PLoS One 5:e12445. doi: 10.1371/journal.
pone.0012445.
Kong D, Heath E, Chen W, Cher M, Powell I, Heilbrun
L, LiY, Ali S, Sethi S, Hassan O, Hwang C, Gupta N,
Chiale D, Sakr WA, Menon M, Sarkar FH (2012) Epige-
netic silencing of miR-34a in human prostate cancer cells
and tumor tissue specimens can be reversed by BR-DIM
treatment. Am. J. Transl. Res. 4: 14-23.

»Korpal M, Lee ES, Hu G, Kang Y (2008) The miR-200

family inhibits epithelial-mesenchymal transition and
cancer cell migration by direct targeting of E-cadherin
transcriptional repressors ZEB1 and ZEB2. J. Biol. Chem.
28322: 14910-14914.
Kriitzfeldt J, Rajewsky N, Braich R, Rajeev KG,
Tuschi T, Manoharan M, Stoffel M (2005) Silencing
of microRNAs in vivo with ‘antagomirs.” Nature 438:
doi:10.1038 /nature04303

»Kubricht WS III, Williams BJ, Whatley T, Pinckard P,
Eastham JA (1999) Serum testosterone levels in African-
American and white men undergoing prostate biopsy.
Urology 546: 1035-1038.

»Li H, Zhou J, Miki J, Furusato B, Gu Y, Srivastava S,
McLeod DG, Vogel JC, Rhim JS (2008) Telomerase-
immortalized non-malignant human prostate epithe-
lial cells retain the properties of multipotent stem cells.
Exp. Cell. Res. 3141: 92-102.

»Li T, Li RS, Li YH, Zong S, Chen YY, Zhang CM,
Hu MM, Shen ZJ (2012) miR-21 as an independent bio-
chemical recurrence predictor and potential therapeutic
target for prostate cancer. J. Urol. 187: 1466-1472.

»Li X, Huang Y, Fu X, Chen C, Zhang D, Yan L, Xie Y,
Mao Y, Li Y (2011) Meta-analysis of three polymorphisms
in the steroid-5-alpha-reductase, alpha polypeptide 2
gene (SRD5A2) and risk of prostate cancer. Mutagenesis
263: 371-383.

»LiY, Vandenboom II T G, Wang Z, Kong D, Ali S, Philip
PA, Sarkar FH (2010) miR-146a suppresses invasion of
pancreatic cancer cells. Cancer Res. 70: 1486-1495.

»Lin SL, Chiang A, Chang D (2008) Loss of mir-16a
function in hormone-refractory prostate cancer. RNA 14:
417-424.

»Litman HJ, Bhasin S, Link CL, Araujo AB, McKinlay,
JB (2006) Serum androgen levels in black, Hispanic, and
white men. |. Clin. Endocrinol. Metab. 9111: 4326—4334.

»Liu C, Kelnar K, Liu B, chen X, Calhoun-Davis T,
Li H, Patrawala L, Yah H, Jeter C, Honorio S, Wiggins
JE Bader AG, Fagin R, Brown D, Tang DG (2011) Iden-
tification of miR-34a as a potent inhibitor of prostate can-
cer progenitor cells and metastasis by directly repressing
CD44. Nat. Med. 17: 211-215.

»Lujambio A, Ropero S, Ballestar E, Fraga ME
Cerrato C, Setien F, Casado S, Suarez-Gauthier A,
Sanchez-Cespedes M, Git A, Spiteri I, Das PP, Caldas
C, Miska E, Esteller M (2011) MicroRNA-145 is regulated
by DNA methylation and p53 gene mutation in prostate
cancer. Carcinogenesis 32: 772-778.

»>Ma S, Chan YP, Kwan PS, Lee TK, Yan M, Tang KH,
Ling MT, Vielkind JR, Guan XY, Chan KW (2011)
Micro-RNA-616 induces androgen-independent growth
of prostate cancer cells by suppressing expression of
tissue factors pathway inhibitor TFPI-1. Cancer Res. 71:
583-592.

»>Majid S, Dar AA, Saini S, Shahryari V, Arora S,
Zaman MS, Chang I, Yamamura S, Tanaka Y, Chiyomaru
T, Deng G, Dahiya R (2012) miRNA-34b inhibits pros-
tate cancer through demethylation, active chromatin
modifications, and AKT pathways. Clin. Cancer Res. 19:
73-84.

McNally LR, Manne U, Grizzle W (2013) Post-transcrip-
tional processing of genetic information and its relation
to cancer. Biotech. & Histochem. In press.

»Morissette J, Durocher F, Leblanc JE Normand T,
Labrie E, Simard J (1996) Genetic linkage mapping of the
human steroid 5 alpha-reductase type 2 gene (SRD5A2)
close to D2S352 on chromosome region 2p23—p22.
Cytogenet. Cell Genet. 734: 304-307.

»Myers RB, Srivastava S, Oelschlager DK, Grizzle WE
(1994) Expression of p160°™B-3 and p185°™B-2 in Prostatic
Intraepithelial Neoplasia and Prostatic Adenocarcinoma.
J. Natl. Cancer Inst. 86: 1140-1145.

12 Biotechnic & Histochemistry 2013, Early Online: 1-14

RIGHTS LI N Kdx



Biotech Histochem Downloaded from informahealthcare.com by 70.193.138.54 on 08/01/13
For personal use only.

Myers RB, Lampejo O, Herrera GA, Srivastava S,
Oelschlager D, Grizzle WE (1995) TGFa. expression is a
relatively late event in the progression of prostatic adeno-
carcinoma. J. Urol. Pathol. 3: 195-204.

»>Myers RB, Oelschlager DK, Coan PN, Frost AR,
Weiss HL, Manne U, Pretlow TG, Grizzle WE (1999)
Changes in cyclin dependent kinase inhibitors p21 and
p27 during the castration induced regression of the
CWR22 model of prostatic adenocarcinoma. J. Urol. 161:
945-949.

»Nadiminty N, Lou WA, Sun M, Chen J, Yue J, Kung HJ,
Evans CP, Zhou Q, Gao AC (2010) Aberrant activation
of the androgen receptor by NF-kappaB2/p52 in prostate
cancer cells. Cancer Res. 708: 3309-3319.

»Nadiminty N, Tummala R, Lou W, Zhu Y, Shi XB, Zou
JX, Chen H, Zhang J, Chen X, Luo J, deVere White RW,
Kung HJ, Evans CP, Gao AC (2012) MicroRNA let-7C is
downregulated in prostate cancer and suppresses pros-
tate cancer growth. PLoS ONE 7: e32832.

»Noonan EJ, Place RF, Pookoot D, Basak S, Whitson JM,
Hirata H, Giardina C, Dahiya R (2009) MiR-449a targets
HDAC-1 and induces growth arrest in prostate cancer.
Oncogene 28: 1714-1724

»Ostling P, Leivonon SK, Aakula A, Kohonen P, Makela
R, Hagman Z, Edsjo A, Kangaspeska S, Edgren H,
Nicorici D, Bjartell A, Ceder Y, Perala M, Kallioniemi
O (2011) Systematic analysis of microRNAs targeting the
androgen receptor in prostate cancer cells. Cancer Res. 715:
1956-1967.

»Ozen M, Creighton CJ, Ozdemir M, Ittmann MZ (2008)
Widespread deregulation of microRNA expression in
human prostate cancer. Oncogene 27: 1788-93.

Paone A, Galli R, Fabbri M (2011) MicroRNAs as new
characters in the plot between epigenetics and prostate
cancer. Front. Genet. 2: 62 doi: 10.3389/fgene.2011.00062

»Platz EA, Rimm EB, Willett WC, Kantoff PW,
Giovannucci E (2000) Racial variation in prostate cancer
incidence and in hormonal system markers among male
health professionals. . Natl. Cancer Inst. 9224: 2009-2017.
Porkka KP, Pfeiffer MJ, Waltering KK, Vessella RL,
Tammela TL, Visakorpi T (2007) MicroRNA expression
profiling in prostate cancer. Cancer Res. 67: 6130.

>Reis ST, Pontes-Junior J, Antunes AA, Dall’Oglio
ME, Dip N, Passerotti CC, Rossini GA, Morais DR,
Nesrallah A]J, Piantino C, Srougi M, Leite KR (2012)
miR-21 may act as an oncomir by targeting RECK, a
matrix metalloproteinase regulator, in prostate cancer.
BMC Urol. 12: 14.

»Ribas J, Ni X, Haffner M, Wentzei EA, Salmasi AH,
Chowdbury WH, Kudrolli TA, Yegnasubramanian
S, Luo J, Rodriguez R, Mendell JT, Lupold SE (2009)
MiR-21: an androgen receptor regulated microRNA which
promotes hormone dependent and independent prostate
cancer growth. Cancer Res. 69: 7165-7169.

»Ru P, Steele R, Newhall P, Phillips NJ, Toth K, Ray RB
(2012) Micro-RNA-29b suppresses prostate cancer metas-
tasis by regulating epithelial-mesenchymal transition sig-
naling. Mol. Cancer Ther. 11: 1166-1173.

Saini S, Majid S, Yamamura S, Tabatbai L, Suh SO,
Shahryari V, Chen Y, Deng G, Tanaka Y, Dahiya R (2010)

Regulatory role of mir-203 in prostate cancer progression
and metastasis. Clin. Cancer Res. 17: 5287-5298.

»Saito Y, Friedman JM, Chihara Y, Egger G, Chuang JC,
Liang G (2009) Epigenetic therapy upregulates the tumor
suppressor microRNA-p126 and its host gene EGFL7 in
human cancer cells. Biochem. Biophys. Res. Commun. 379:
726-731.

»Sanderson M, Coker AL, Logan P, Zheng W, Fadden MK
(2004) Lifestyle and prostate cancer among older African-
American and Caucasian men in South Carolina. Cancer
Causes Control 157: 647—655.

»Sartor O, Zheng Q, Eastham JA (1999) Androgen receptor
gene CAG repeat length varies in a race-specific fashion
in men without prostate cancer. Urology 532: 378-380.

»Sakurai T, Bilim VN, Ugolkov AV, Yuuki K, Tsukigi
M, Motoyama T, Tomita Y (2012) The enhancer of zeste
homolog 2 (EZH2), a potential therapeutic target, is regu-
lated by miR101 in renal cancer cells. Biophys. Res. Comim.
422: 607-614.

Shah MY, Calin GA (2011) MicroRNAs miR-221 and
miR-222: a new level of regulation in aggressive breast
cancer. Genome Med. 3:56 doi: 10.1186/gm?272.

»Shi GH, Ye DW, Yao WD, Zhang SL, Dai B, Zhang HL,
Shen YJ, Zhu Y, Zhu XP, Xiao WJ, Ma CG (2010) Involve-
ment of microRNA-21 in mediating chemoresistance to
docetaxel in androgen-independent prostate cancer PC3
cells. Acta Pharmacol. Sin. 31: 867-873.

»Shi WB, Xue L, Yang J, Ma AH, Zhao J, Xu M, Tepper
CG, Evans CP Kung H]J, deVere White RW (2007) An
androgen-regulated miRNA suppresses Bakl expression
and induces androgen-independent growth of prostate
cancer cells. Proc. Natl. Scad. Sci. USA 104: 19983-19988.
Shi XB, Xue L, Ma AH, Tepper CG, Gandour-Edwards
R, Kung HJ, Devere White RW (2012) Tumor suppres-
sive miR-124 targets androgen receptor and inhibits pro-
liferation of prostate cancer cells. Oncogene doi: 10.1038/
onc.2012.425

»Shuch B, Mikhail M, Satagopan J, Lee P, Yee H,
Chang C, Cordon-Cardo C, Taneja SS, Osman I (2004)
Racial disparity of epidermal growth factor recep-
tor expression in prostate cancer. J. Clin. Oncol. 2223:
4725-4729.

»Sikand K, Slaibi JE, Singh R, Slane SD, Shukla GC
(2011) MiR 488* inhibits androgen receptor expression in
prostate carcinoma cells. Int. J. Cancer 129: 810-819

»Singh S, Chitkara D, Mehrazin R, Behrman SW,
Wake RW, Mahato RI (2012) Chemoresistance in pros-
tate cancer cells is regulated by miRNAs and hedgehog
pathway. PLoS One 7: e40021.

»>Steele R, Mott JL, Ray RB (2010) MBP-1 upregulates
miR-29b, which represses Mcl-1, collagens, and matrix
metalloproteinase-2 in prostate cancer cells. Genes Cancer
1: 381-387.

»Suh SO, Chen Y, Zaman MS, Hirata H, Yamamura S,
Shahryari V, Liu J, Tabatabai ZL, Kakar S, Deng G,
Tanaka Y, Dahiya R (2011) MicroRNA-145 is regulated
by DNA methylation and p53 gene mutation in prostate
cancer. Carcinogenesis 32: 772-778.

»Sun T, Wang Q, Balk S, Brown M, Lee GSM, Kantoff P
(2009) The role of micro-RNA-221 and microRNA-222 in

MicroRNAs and African American prostate cancer 13

RIGHTS

1
L

I A



Biotech Histochem Downloaded from informahealthcare.com by 70.193.138.54 on 08/01/13
For personal use only.

androgen-independent prostate cancer cell lines. Cancer
Res. 69: 3356

»Sun Y, Wang BE, Leong KG, Yue P, Li L, Jhunjhunwala
S, Chen D, Seo K, Modrusan Z, Gao WQ, Settleman
J, Johnson L (2012) Androgen deprivation causes
epithelial-mesenchymal transition in the prostate: impli-
cations for androgen-deprivation therapy. Cancer Res. 722:
527-536.

»Szczyrba J, Loprich E, Wach S, Jung V, Unteregger G,
Barth S, Grobholz R, Wieland W, Stohr R, Hartmann
A, Wullich B, Grisser F (2010) The microRNA profile of
prostate carcinoma obtained by deep sequencing. Mol.
Cancer Res. 8: 529-538.

»Thatai LC, Banerjee M, Lai Z, Vaishampayan U (2004)
Racial disparity in clinical course and outcome of meta-
static androgen-independent prostate cancer. Urology 644:
738-743.

Theodore S, Sharp S, Zhou J, Turner T, Li H,
Miki J, Ji Y, Patel V, Yates C, Rhim JS (2010a) Estab-
lishment and characterization of a pair of non-malignant
and malignant tumor derived cell lines from an African
American prostate cancer patient. Int. J. Oncol. 376:
1477-1482.

Theodore SC, Rhim JS, Turner T, Yates C (2010b) MiRNA
26a expression in a novel panel of African American
prostate cancer cell lines. Ethn. Dis. 201, Suppl 1: S1-
96-100.

»Thomas LN, Douglas RC, Lazier CB, Too CK, Rittmaster
RS, Tindall DJ (2008) Type 1 and type 2 5-alpha-reductase
expression in the development and progression of pros-
tate cancer. Eur. Urol. 532: 244-252.

»Thomas LN, Douglas RC, Rittmaster RS, Too CK (2009)

Overexpression of 5 alpha-reductase type 1 increases sen-
sitivity of prostate cancer cells to low concentrations of
testosterone. Prostate 696: 595-602.
Timofeeva OA, Zhang X, Ressom HW, Varghese RS,
Kallakury BV, Wang K, Ji Y, Cheema A, Jung M, Brown
ML, Rhim JS, Dritschilo A (2009) Enhanced expression
of SOS1 is detected in prostate cancer epithelial cells from
African-American men. Int. |. Oncol. 354: 751-760.

»Tong AW, Fulgham P, Jay C, Chen P, Khalil I, Liu S,
Senzer N, Eklund AC, Han J, Nemunaitis J (2009) Micro-
RNA profile analysis of human prostate cancers. Cancer
Gene Ther. 16: 206-216.

»Tricoli JV, Winter DL, Hanlon AL, Raysor SL,
Watkins-Bruner D, Pinover WH, Hanks GE (1999) Racial
differences in insulin-like growth factor binding protein-3
in men at increased risk of prostate cancer. Urology 541:
178-182.

»Tucci P, Agostini M, Grespi E, Markert EK, Terrinoni A,
Vousden KH, Muller PA, Do6tsch V, Kehrloesser S, Sayan
BS, Giaccone G, Lowe SW, Takahashi N, Vandenabell P,
Knight RA, Levine AJ, Melino G (2012) Loss of p63 and
its microRNA-205 target results in enhanced cell migra-
tion and metastasis in prostate cancer. Proc. Nat. Acad. Sci.
USA 109: 15312-15317.

»Turner T, Chen P, Goodly LJ, Wells A (1996) EGF receptor
signaling enhances in vivo invasiveness of DU-145 human
prostate carcinoma cells. Clin. Exp. Metas. 144: 409-418.

»Vandenabeele P, Knight RA, Levine AJ, Melino G
(2012) Loss of p63 and its microRNA-205 target results in
enhanced cell migration and metastasis in prostate cancer.
Proc. Nat. Acad. Sci. USA 109: 15312-15317

»Varambally S, Cao Q, Manu R-S, Shankar S, Wang X,
Ateeg B, Laxman B, Cao X, Jing X, Ramnarayanan K,
Brenner JC, Yu J, Kim JH, Han B, Tan P, Kumar-Sinha
C, Lonigro RJ, Palanisam N, Maher CA, Chinnalyan
AM (2008) Genomic loss of microRNA-101 leads to over-
expression of histone methyltransferase EZH2 in cancer.
Science 322: 1695-1699.

»Volinia S, Calin GA, Chang-Gong L, Ambs S, Cimmino
A, Petrocca E Visone R, Iorio M, Roldo CK, Ferracin
M, Prueitt ARL, Yanaihara N, Lanza G, Scarpa A, Vec-
chione A, Negrini M, Harris CC, Croce CM (2006) A
microRNA expression signature of human solid tumors
defines cancer gene targets. Proc. Nat. Acad. Sci. USA 103:
2257-2261.

»Vrba L, Jensen TJ, Garbe JC, Heimark RL, Cress AE,
Dickinson S, Stampfer MR, Futscher BW (2010) Role
for DNA methylation in the regulation of miR-200c and
miR-141 expression in normal and cancer cells. PLoS One
5: e8697.

» Wallner LP, Clemens JQ, Sarma AV (2009) Prevalence of
and risk factors for prostatitis in African American men:
the Flint Men’s Health Study. Prostate 691: 24-32.

»Waltering KK, Porkka KP, Jalava SE, Urbanucci A,
Kohonen PJ, Latonen LM, Kallioniemi OP, Jenster G,
Visakorpi T (2011) Androgen regulation of micro-RNAs
in prostate cancer. Prostate 71: 604-614.

»Watahiki A, Wang Y, Morris J, Dennis K, O’'Dwyer
HM, Gleave M, Gout PW, Wang Y (2011) MicroRNAs
associated with metastatic prostate cancer. PLoS One 6:
€24950.

»Wei J-J, Wu X, Peng Y, Shi G, Basturk O, Yang X, Daniels
G, Osman I, Ouyang J, Hernando E, Pellicer A, Rhim JS,
Melamed ], Lee P (2011) Regulation of HMGA1 expres-
sion by MicroRNA-296 affects prostate cancer growth and
invasion. Clin. Cancer Res. 17: 1297-1305.

»Wellner U, Schubert J, Burk UC, Schmalhofer O,
Zhu F, Sonntag A, Waldvogel B, Vannier C, Darling
D, zur Hausen A, Brunton VG, Morton J, Sansom O,
Schuler J, Stemmler MP, Herzberger C, Hopt U, Keck
T, Brabletz S, Brabletz T (2009) The EMT-activator ZEB1
promotes tumorigenicity by repressing stemness-inhibit-
ing microRNAs. Nat. Cell. Biol. 1112: 1487-1495.

»Williams H, Powell IJ (2009) Epidemiology, pathology,
and genetics of prostate cancer among African Americans
compared with other ethnicities. Methods Mol. Biol. 472:
439-453.

»Winters SJ, Brufsky A, Weissfeld J, Trump DL,
Dyky MA, Hadeed V (2001) Testosterone, sex hormone-
binding globulin, and body composition in young adult
African American and Caucasian men. Metabolism 5010:
1242-1247.

»Xu B, Wang N, Wang X, Tong N, Shao N, Tao J, Li P, Niu
W, Feng N, Zhang L, Hua L, Wang Z, Chen M (2012)
MiR-146a suppresses tumor growth and progression
by targeting EGFR pathway and in a p-ERK-dependent

14 Biotechnic & Histochemistry 2013, Early Online: 1-14

RIGHTS

1
L

I A



Biotech Histochem Downloaded from informahealthcare.com by 70.193.138.54 on 08/01/13
For personal use only.

manner in castration-resistant prostate cancer. Prostate 72:
1171-1178

Yates C, Wells A, Turner T (2005) Luteinizing hormone-
releasing hormone analogue reverses the cell adhesion
profile of EGFR overexpressing DU-145 human prostate
carcinoma subline. Br. |. Cancer 922: 366-375.

»Yates CC, Shepard CR, Stolz DB, Wells A (2007)
Co-culturing human prostate carcinoma cells with
hepatocytes leads to increased expression of E-cadherin.
Br. J. Cancer 968: 1246-1252.

»Zaman MS, Chen Y, Deng G, Shahryari V, Suh SO, Saini
S, Majid S, Liu J, Khatri G, Tanaka Y, Dahlya R (2010)
The functional significance of microRNA-145 in prostate
cancer. Br. |. Cancer 103: 256-264.

»Zhang HL, Yang LE, Zhu Y, Yao XD, Zhang SL, Dai B, Zhu
YP, Shen YJ, Shi GH, Ye DW (2011) Serum mi-RNA-21:
Elevated levels in patients with metastatic hormone-
refractory prostate cancer and potential predictive factor
for the efficacy of docetaxel-based chemotherapy. Prostate
71: 326-331.

MicroRNAs and African American prostate cancer 15

RIGHTS LI N Kdx



Pttt s e

Human

William E. Grizzle, Katherine C. Sexton, and Walter C.

Contents
17.1  Models of Human Tissue Repositories ...
17.2  Aids in Developing Tissue
Repositories ............ooo oo
17.3  Design of Repository ......................
174 Chalienges in Collecting Specimens . . . ..
17.5  Issues in Processing of Specimens........
176 Long-Term Storage of Biospecimens . . ..
17.7  Informatics and Records of Collecling,
Processing, Storage, and Distribution of
Tissue Specimens ........................
17.8  Types of Specimens Provided by a
Tissue Repesitory .........................
179 Distribulion of Specimens {o
Investigators ....................... s
1710 Quality Assurance Program ... ..
17.11 Education and ‘[raining in Issues
Related to Tissue Repositories............
17.12  Matching Available Tissues to
Envestigator Needs for Tissues............
17.13  Equitable Distribution of Tissues ... ... ..
17.14  Annetation of Tissue Specimens ... ..
1715 Bias Affecting Usefuiness of Tissues ... ..

W.E. Grizzle, MDD, PhD) ((£3) » W.C. Bell, MD

484

484

485
486
487

487

487

490

491

D_Cpartment of Pathology, The University of Alabama at
Bimingham School of Medicine, Birmingham, AL, USA

K.C. Sexton, MBA
Comprehensive Cancer Center, The University of
Alabama ar Birmingham, Birmingham, AL, USA

L. Cheng, D.Y. Zhang, J.N. Eble (eds.), Molecular Generic Parhology,

Bell

17.16  Administrative Issues ..................... 492
17.17 Shipping ... 493
17.18 Regulatory and Ethicual Issues Affecting
Tissue Repositories ........................ 403
17.19 Cost Recovery ..o ... 494
17.20 Safety in Tissue Repositories............. 494
17.21 Informatics ... 495
17.22  Challenges in Meeting Specimens for
Genomic Studies ..., 493
17.23 Challenges Leading to New Directions in
Tissue Reposilories ........................ 496
Further Reading .............coviiiin ... 496
483

DO1 10.1007/978-1-4614-4800-6_17, © Springer Science+Business Media New York 2013




484

W.E. Grizzle a1 31,

17.1 Models of Human Tissue
Repositories

Hurman Tissue Biorepository — an organization that
is involved in any aspect of collecting, processing,
storing, banking, or distributing human tissues for
research, education, or clinical uses. This chapter
focuses only on human tissue biorepasitories
supporting research.
. “(Catch as catch can” — disorganized approach
to collection, processing, storage, and distri-
bution. “The repository collection may not be
very useful to support research
. Banking model — general lissues or specific
tissues are collected according o a standard
operaling procedure (50P)
~ Emphasis is usually on banking rather than
distribution

_ Tissues are immediately available

_ Outcome and clinical information may be
immediately available

- Fresh specimens usually are not available

- Increased storage requirements

— Specimens may not meet investigator
needs

— Specimens may nol be used
. Clinical tria} model — subtype of banking
model in which remnant Lissues from clinical
trials are stored
~ Specimens usually consist of cases and
conirols, both of which have extensive clin-
ical information and outcome

— Some specimens may not be able to be used
for general research due 10 limitations of
informed consent

— Some specimens may not meel investigator
needs

— Some specimens may not be used
« Prospective model — human lissue specimens
are coliected to specifically meet each inves-
tigator's specific requests
— Specimens are collected with SOPs which
are established by the investigator

-~ Most specimens are used, 50 operation 18
very efficient and cost effective

- Decreased storage requirements

— Fresh specimens are available

— Specimens are collected prospeclively sg
they are not immediately available whep
requested

_ Clinjcal outcome and other data are noy
available when specimens are requesled.
Qutcome may take many years depending
upon the disease process

Combination of banking and prospective

models - best of both approaches

17.2 Aids in Developing Tissue

Repositories

Best practices
_ International Society of Biological and
Environmental Repositories (ISBER),
third edition has been published in
Biopreservation and Tissue Banking
_ National Cancer Instifute, Best Practices,
second edition
Comprehensive and  special references on
repository operations
General issues to be considered in development
and operations of a human tissue biorepository
— Quality assurance (QA) in operations
. All operations based on a QA program
. Quality control of tissue specimens
— Repository science - knowledge of factors
affecting quality of tissues provided to sup-
port research
— Safety
- Reposilory personnel
+ lnvestigators and their personnel
~ Regutations and ethics, IRBs, privacy board
» Repositories
- TInstitutional Review Board (IRB)
approves  reposiiory - usually
requires full review
~ Repository meets Health Insurance
Portability and Accountability Act
(HIPAA) requirements for protected
health care information and standards
for security of informatics program
= Investigators
~ IRB may classily study as nonhuman
research
~ IRB may classily study as exempt
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- IRB may approve study = SR -
« HIPAA may not apply if _'Box 17. 1 Resources to support the
— None of 1§ personal identifiers as - repos:tory :
defined by HIPAA are utilized in - 9--__-Imhal, resources avzulable
patient data
— Limited dataset, which includes dates,
can be used with a research agreement :
« IRB may classify study as nonhuman o
resgarch iw Long—lerm suppori ; : N
~ De-identified cases (coded) - - Long-term commitment = is it worth

investigators have no access to the
identities of tissue sources
— Anonymized - neither repository nor
investigator has access 10 identilies
of tissue sources
» IRB classifies study as exempt based on

de-identified or anonymized tissue
specimens

« IRB approves study ~ expedited or ful]
review

17.3

Design of Repaository

Goals
— Who are the customers and what do these
investigators want?

«  What do they need?

*  What is available?

— What types of tissues (e.g., frozen tissue) to
collect and provide?

— What is the model of a repository which
will be used?

— What not 10 collect?

« Consider if specimens infected with
bleod-borne pathogens (e.g., HIVY will
be collected

— What not to do — do not perform the inves-
tigators resedrch for them

Resources to support the repository (see

Box 17.1)

17.4  Challenges in Collecting

Specimens

Ideniification of cases of interest
= Collecting bodily fluids at clinic visit prior
to the operation

- o the'efiort 10, start the reposnory'? _
_ i ‘Cost Tecovery: for all. Work pcrformed
: for.mvesti gators S

+ Fasting versus nonfasting

» Efficiency of collection

= Avoiding a separate blood draw

— Operative schedules 10 identify cases of
interest

— Distributing sterile collecting containers to
operating room (OR)

— Rapid transfer from OR to pathology for
diagnostic review

- Obraining specimens not needed for diag-
nosis directly from pathology

Limitations to collection of specimens

— Neoadjuvant therapy — therapy that occurs
prior to surgery so that the rissue is

“affected” before being collected

+ Population of cells may be lost from the
tummor or the tumor and/or metastases
may be destroyed .

» This is a great challenge to tissue
biorepositories  independent of the
model

— Size that requires all specimens 1o be sub-
mitted diagnostically

* More effective  screening/detection/
diagnosis is resulting in smailer tissue
specimens, especially tumors

~ Preinvasive neoplastic specimens (e.g..
ductal carcinoma in situ of the breasi)
completely submitted 1o identify any areas
of invasive discase
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Newer approaches 1o diagnosis

» Imaging rather than biopsy to identify
metastases and smaller tumors

» Needle aspirations to identify larger
tumors and metastasis resulting in no
excess tissues being available to support
research

Warm ischemia during surgery affecting

tissue available for research

» When surgery is undertaken, blood vessels
are completely or partially compromised and
a period described as warm (body tempera-
ture) ischemia may affect specimens

Ischemia causes loss of rapidly degraded
molecules  including mRNAs  and
phosphoproteins

Blood vessels usually are not compromised
when biopsies are obtained

There may be differences between rapidly
degraded molecules in biopsies versus
resections

Because  many rapidly  degraded
molecules have been lost during warm
ischemia, malecules  seem
much more stable when tissue removed
from body

Time for colleclion/processing — speed the
pracessing to limit cold ischemia

remaining

« After the removal of wmors from body,
changes may occur less rapidly than changes
with the body during ischemia

Resources may limit ability to rapidly pro-
cess specimens

Flow of specimens f{rom the operaling
room (OR) should be considered
Pathology administralive  requirements
{e.g., when to enter the specimen ino
clinical informatics system)

Quickly processed aliquols versus longer
processed aliquots from same tissues
Keep specimen at 4 °C until processed

If a variable cannot be controlled, record
the vanable

= New approaches Lo collection of samples/
research

Nitrocellulose blots to collect samples
of DNA/RNA/protein without affecting
tumor samples

Blots of tissue on microscope slide
Smaller aliquots 1o support novel methogy
of research

Expanded use of paraffin blocks

Tissue microarrays

= A statistical sample of paraffin biocksg
« Design to include controls

17.5

Issues in Processing of
Specimens

» Processing of specimens should be rapid and
matched to the specimens

Personnel should be flexible in their train-

ing so they can perform multiple tasks

The quality assurance program shoubd

cover processing

SOPs should be developed for each step of

processing

« SOPs for each bodily fluid {e.g., serum,
urine)

« S0Ps matched to banking of solid
tissue

= SOPs matched to preparation of each
solid tissue/bodily fuid (e.g., paraffin
block)

= SOPs matched 1o investigator needs for
prospective collection of solid tissue/
bodily fluids

Times of processing should be documented

in informatics system

= Monitor and document parameters of
fixation and lissue processing

» Reversing effects of fixation and tissue
processing

Sample aliquots should be obtained for

guality control (QC)

Samples should be uniquely fabeled

Processing of specimens should be

malched 10 investigator needs

« Imporance of correct labeling

Errors may occur in reading label

Labets may separate from the specimen
Bar coding (a method to limit problems
with specimen identification)

¢ Unique to smaliest aliquol and recog-
nizes any child sampies
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= May be linked 10 extensive information
in the associated informatics sysiem
Age, race, sex, history, prior therapy,
outcome
Specimen characteristics - size, {imes of col-
lection and processing
Storage information and sites on each atiquot
= Personnel errors may oceur in identifying
specimens

17.6 Long-Term Storage of

Biospecimens

Options  from  liquid nitrogen to  room
lemperature

To maintain cell viahility over time usually
requires at least storage in liquid nitrogen
vapor and no freeze-thaw cycles

For frozen rissues, we know that —-20°C (non-
self-defrost) is probably okay for I month,
but after several months, rissues begin to
lose molecular features compared o storage
at —80°C

Diiferences between —80 °C and liquid nitro-
ECn vapor slorage are not obvious at he pro-
tein level, and in a study by the CHTN --80°C
Storage was better at mRNA level

17.7 Informatics and Records of

Collecting, Processing, Storage,
and Distribution of Tissue
Specimens

There are many variables in callection,
pracessing, storage, and distribution of speci-
mens which cannot be accurately controlled
Information on each aliquot and the associated
variables are linked by a code which fre-
quently is in the form of a bar code

When variables cannor be controtled exactly,
information as 1o times and conditions of
processing 1o distribution should  be
docurnented in the informatics system
Location at which each unique aliquot s
Stored 15 also included in (he informatics
syslern

» Detailed information is a critical component
of the quality assurance program as is the
quality control diagnosis

= When specimens are removed from Storage,
information should be documented as 10 their
distribution or destruction

* Sometimes specimens may be removed from
Slorage and further aliquoted
— These new aliquots (child samples) shouid

be uniquely labeled and identified in infor-
matics system

« The information permits reconstruction of the
history of the aliquor

17.8  Types of Specimens Provided
by a Tissue Repository

* Tissue repositories can provide & narrow and/
or wide range of specimens of tissue

* Many banks [ocus on the collection of samples
of blood/bloed products

* Other tissue repositories may provide only
paraffin blocks or paraffin sections of tissue

* Many prospective or combined madels of
reposilories can provide fresh specimens, fro-
zen specimens, blood products, paraffin mate-
rial, tissue microarrays, mRNA, microRNA
and/or DNA K

17.9  Distribution of Specimens to
Investigators

*+ Internally, investigators should arrange for
specimen pickup at lissue.repository

+  Extemal distribution should rely on reliable
commercial couriers who permit and under-
stand the transfer of biological specimens
{e.g.. Federal Express)

* Air shipments must meet the standards of the
International  Air Transport  Association
(IATA)

- 'This includes training of al least one
employee involved in shipping as to
IATA requirements

— Meeting IATA requirements is the respon-
sibility of the bioreposilory. not the courier
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Shipments scheduled to avoid problems and
identification of problems (e.g., Monday ta
Thursday)

~ Special arrangements should be made for

shipments on Friday or Saturday

Problems with shipments should be identified
rapidly by investigators (postcard) and
corrected

The informatics system should track the dis-
tribution of specimens

17.10 Quality Assurance Program

Quality assurance (QA) is the overall process
by which the uniformity and the guality of all
operations of an organization are optimized
with an emphasis on guality
QC is an aspect of QA that ensures that a
process or a product meeis defined standards
Good manufacturing  practices  should  be
foliowed as described by the International
Standardization Organization (1SO) (1SO9001)
Standard operating procedures (SOPs) are
standardized approaches 1o performance of
specific operations of an organization (e.g.,
collecting serum from patients with idiepathic
pulmonary hypertension)
SOPs are written detailed descriptions of each
activily performed by a tissue repository so
that the activity could be performed reliably
by personnel who have not performed the
aclivity previously
— SOPs are reviewed annually and revised if
ECessary
~ A change in an SOP is made by authorized
designated supervisors, and the change is
dated as 1o when made and identified as to
who made the change
— Replaced SOPs maintained as archivai
SOPs so prior activity can be understood
and reconstructed
— SOPs organized into a procedure manuak
Equipmeni standardization, maintenance, and
operalions are an integral component of QA
Audils are written periodic evaluations of
operaiing procedures and infrastructure of
the Lissue repository

— Conducted regularly by QA employeeg

~ Adherence of all employees ip the Qa
program

— Submitted 10 upper managemery,
chiel executive officer of tha
reposilory

— Examples of audits are provided in Boy 172

Audits evaluate all aspects of the QA program

QA personnel and administrative issues

- Personnel of the QA program shoulg be
independent of management of operationg,
sales, etc,

— Head of QA reports to head of the organi-
zation or designates

— Audits reported to head of the organization
and problems with operations or QC should
be corrected

- QA persennel should aid with SOPs

Surveys document user satisfaction

- Short term - how specimens are distrib.
uted/shipped (Is dry ice adequate? Did it
arrive on time?)

— Long term - satisfaction of investigators/
users  wilh  interactions with the
biorepository and quantity, quality, and
usefulness of specimens

~ Reviewed by QA personnel

Quality conirol of solid tissues — quality con-

trol moniiors the process and the usefulness of

the tissue specimens provided to investigators

— Verification of diagnosis of actual speci-
mens provided to investigators or stored
in tissue banks

and
lissue
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Fig. 17.1 This figure demonstrates a breast cancer
(H&E, X630} in which the cancer cells, examples demon-
strated by the black arrows, are exiensively intermixed
with inflacnmatory ceils {within ovals). The cancer cells
could be removed and analyzed as a separate cellulur
compariment by laser capture microdissection, a very
labos intensive process. Enrichment of the number of
cancer cells Dby micro-/macradissection in  which
a paraffin or frozen section of the wmor is used as
a guide to remove noncancer cells cannot be accomplished

- Diagnosis confirmed by mirror image
aliquets examined by a pathologist. This
is a critical component of QC

— For wmors, identify % tumor and of the
tumor Y% necrosis, % [ibrosis/mucin and %
tumor nuclei

~ Additional quality control can be added
which can include molecular quality con-
trol (e.g., RIN number via Agileni 2100
system or actual molecular analysis with
RT-Q-PCR)

—~ For some very infiltrative tumors such as
pancreas or prostate or when there is exten-
sive inflammation, microdissection or
macrodissection may be necessary {0 iso-
late neoplastic celis
= This can be done on frozen or paraffin

embedded tissues

due 1o the close intermixture of cancer and noncancer
cells, Of note, this tumor contains more inflammatory
cells than cancer ceils (about a 3:1 mixture), and many
of the inflammatory ceils are plasma cells. If the umor
were analyzed by homogenization and extraction of
mRMNA, microRNA, DNA, and/or protein, most of the
extracted molecules would come primarily  from
noncancer cells. This critical limitation on the use of
such specimens in molecular research is important for
investigarors to understand

~ Approaches for investigators should be
documented and there should be cost
recovery {Figs. 17.1 and 17.2)
«  Quality control in the coliection of biological
fluids )
~ Fluids collected include from
fine needle aspiralion, blood,
serum, plasma, bufly coals, urine, saliva,
and rare fluids such as pancreatic duct
fluid (“juice™} and cerebrospinal fluid
+ Diagnosis is based upon overall diagnosis
of the patient or sometimes a subdiagnosis
{(e.g., pancreatic cancer in patient with
diabetes)
» Follow SOPs for collection, processing, sior-
age, and distribution
+ Speed of processing and
obtaining the specimens is imporiant

fluids
whole

storage after
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Fig. 17.2 This figure demonstrales a pancreasic adeno-
carcinoma partially involving a jymph node. To analyze
the malecular expression of genes specifically in the cells
of the pancreatic cancer, the caniribution of noncancer
cells (i.¢.. in this case, the lymphocytes and other cells of
the uninvolved area of the lymph node) must be excluded.

+ Try to complete processing and storage of
blood/products, uring, and saliva within 4 h
— Clinical followup aflier 6 months may be
necessary Lo ensure a correct diagnosis

17.11 Education and Training in
Issues Related to Tissue
Repositories

+ To produce uniform, siandard specimens and
10 minimize bias, personnel must be care-
fully trained in SOPs and overall repository
operations

« Potential sources of specimens and issues of
repository science

» Records of training must be maintained

« To protect patients, all personnel must be
trained in ethical issues (IRB) and privacy
issues (HIPAA requirements)

«  As discussed subsequenily, all personnet must
be trained in safety

Micro-/macrodissection of the specimen to only include
the area with increased tumor cellularity can be performed
by removing the border area before cunting sections from
the paraffin block. Such paraffin sections would only
include the area indicated by the dashed line and bine

arrows

+ Jusl as imporiant as educating repository per-
sonnel is the education of nvestigaiors using
the repository
— It is important for tissue repository pathol-
ogists to ensure investigators understand
the tissues they are using in their research

~ This includes the potential for specimens
to cause bias, optimization of tissues to
support their research, and aliernative
tissues

— Also, the investigator and aH thelr person-
nef must be trained in bichazards

17.12 Matching Available Tissues to
Investigator Needs for Tissues

- Pathologist needs to review each investiga-
tor's request for tissues and if appropriate,
discuss the request with the investigator 85
well as aliernaiive tissues
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— For example, a request for “smooth
muscle” or “fat” is too general in that
these tissues vary biologically depending
on their source :

FFor example, smooth muscle from the uterus

responds (o estrogens and has active estrogen

receptors

In contrast, smooth muscle from areres

responds 1o homones that conirol blood

pressure ‘

~ Some other tissues may be similar enough
that additional sources can be identified

— Sources of some tissues may be primarily
me! from autopsies or tissues removed [or
transplant

Some tissue requests are very difficull to meet

and this must be explained to investigators

— Large numbers of rare diseases (e.p.,
synovial cell sarcomas)

- Specimens with multiple requirements
(male breast cancer from males less
than 40 years of age who are Alfrican-
Americans)

The addition of each requirement makes

the specimens more and more difficult to

identify

For example, African-Americans represent

30% of the clinical population at UAB, and

breast cancers in males are uncommeon and

even rarer would be a breast cancer in a

young male

~ Specimens that are atypical for the disease

For example, papillary serous carcinomas of

the ovary in African-Americans — a tumor that

is infrequent in African-Americans

— Specimens of primary tumors of tarpe size
in heavily screened populations in which
large tumers are uncommon

- Resection specimens processed very rap-
idly (e.g.. 3 min)
+ Meeting this requirement would disrupt

normal clinical operations

-~ Determine whether or not there is scientific
evidence [or the need for difficult to meet
requesis

— Requests for failed donor tissues or tissues
removed at transplant (e.g., lungs from
patiertts with cystic fibrosis)

17.13 Equitable Distribution of
Tissues

+ Tissue repositories should altempt to equita-
bly distribute tissues to investigalors

= Typically investigators are assigned priorities
for specific specimens, but if specimens are
not in high demand, typically specimens are
assigned on a rotating basis

= Some requests are too labor intensive 10 be
met (e.g., obtaining a whole spinal cord)

« Some requests cannol be met because of diag-
nostic requiremenis (e.g., samples of fresh
ductal carcinoma in situ [DCIS] of the breast);
DCIS is used totally in diagnosis to exclude
mcroinvasion

« Some requests are so restrictive that very few
specimens would meet the request

17.14 Annotation of Tissue
Specimens

= Some basic information is needed on any iis-
sue aligquot being studied including most
importanily its correct diagnosis

~ Age, race, and sex are important informa-
tion that usually can be readily obtained

« The need for more extensive annotation usu-
ally depends upon the use of the tissues

« Other than clinical cutcome, more extensive
annotation usually is project specific, so general
approaches 10 annotation may not be adequate

* Some infommation néeded for annotation
may not be available in charts; thus, for some
studies and most epidemiology studies, the
extent of specific annotation may need to
be designed with some of the data obtained
directly from patients (e.g., family hisiories,
environmental exposures)

— In such cases, the swdy would have 10
provide exitra resources to facilitate such
annotation

« Inmany cases, annotation of specifics may not
be needed. In these cases, it may be more
efficient to collect the annotation afier the spec-
imens and matching annotations are requested
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17.15 Bias Affecting Usefulness of
Tissues

« Bias results from differences in cases and
controls unrelated to the process or diseases
heing studied

. Bijas causes an incorrect interpretation that
experimental differences beiween cases and
controls are’ due to the disease; instead, the
differences are due to variables in the way
the tissues are obtained and/or experiment is
performed

« Bias cannot be detected by routine statistical
analysis

- Bias typically is detected when there is faiture
to confirm a previous result using a different
independent population

+ The chance that bias will be importani in
a study increases with the number of variables
being studied

. Bias may be introduced into research projects
due to samples of lissue when there are
differences between cases and controls due to
varying conditions in collecting, processing,
storing, or distributing tissues as well as
differences in the populations from which
samples are obtained

. Use of SOPs aid in reducing the chance of bias

= Specific specimen factors causiag differences
between samples and controls due 10 bias.
These include the issues in Box 17.3

s Specific population differences: examples that
may cause experimental differences in casc 17.16 Administrative Issues
versus controls due 10 populations are listed

Box 17.5. Issues:to Ee_ €g

) Iutellectual pxdpcny :

in Box 17.4 + The transfer of tissues or tissue products 10

+ Avoiding bias: the chance of bias can be min- extramural  investigators usually  should
imized by ensuring cases and controls match require a material transfer agreement (MTA)
(e.g., # of diabetics int cases is equivalent to # between the instilutions/organizations send-
of diabetics in confrois) ing and receiving the specimens

.« An MTA is unidirectional and addresses tssues,
A : : ; for example, in transferring tissues from a col-
'BOX173 Potenttal C3U5€5 Of blas D'-’E t° By lecting site 10 a site where the investigator is
i tlSSUES i G SR located
Number of freeze thaw cycles 5 = MTAsacually should facilitate the transfer of
._Procedur s for - col]ecuon processmg,_: specimens among institutions

— Examples of issues that should be
addressed in MTAs are listed in Box 17.5
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17.17 Shipping

Transfer of specimens outside the organiza-

tion collecting, processing, storing, and/or dis-

tributing tissue specimens

Use of reliable courier which is equipped 1o

ship human specimens

International shipping is very difficult and is

problematic unless specimens are shipped by

specialized couriers; international shipments

are very expensive

Even though assigned to a courier, the ship-

ping site is responsible for meeting shipping

requirements, specifically the requirements of

the IATA

- Someone at the shipping site must be
trained in IATA requiremenis

Shipping of flammables (e.g., specimens in

aleohois) is limited in quantity by JATA

17.18 Regulatory and Ethical Issues

Affecting Tissue Repositories

Ethical issues — the IRB
- IRB approval should be obtained for tissue
biorepository; all TRB approvals, exemp-
tions, and decisions as to a classification
of “ronhurnan research” are local
« Collection of remnant tissues not
needed for diagnosis
— Specimens in the biorepository are identi-
fied as to the identification of donor in the
repository — full review by IRB may be
required as well as informed consent from
the source of the tissue
— All specimens are anonymized — could be
classified by 1RB as “nonhuman research”
or IRB may require an expedited review
The need for informed consent could be
waived
— IRB approval of investigators using a tissue
repository
« If  specimens are provided as
anonymized, research may be classified
by the IRB as “nonhuman research.”
IRB approval may be necessary

“Box 17.6: List of HIPAA 18 identifiers
‘s - Names ;

« If specimens are de-identified, research
may be classified by the IRB as
“nonhuman research” or IRB approval
may be required

= If specimens are identified, research
will usually require IRB review and
approval

+ For any situation, review by the IRB is
necessary (o determine how the work of
the biorepositories is classified

.. All geographwal subdivisions smal}er'f_.
_-_.than 'a State;’ mcludmg complete Zip-
'K-(see HIPAA ?;dLSCHSSIDH o

'-_.'Cemﬁcateﬂlcense numbers

'._';_'.'-‘Vehlcle idenfifiers. and.: enal numbers g

: mcludmg hcense platc numbers

. :Devme 1dcnt1ﬁers and senal numbers e
. Web Umversal Resource Locatnrs

s (URLS)

« Imtemnet Protocol (IP) address numbers :
. -Bmmetnc 1dem1ﬁers' mciudmg ﬁnger e

“- and voice prmls

: - -Full-face phomgraphlc nnages and any .
. comparable i u'nages : O
. 'Any other - umque Idenufymg number:
chamctensuc or-code (note 1this does

2ot mean the umque code asmgued by
-.-the mvesuvator to code the dala) '
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Privacy issues — HIPAA

- HIPAA specifies 18 HIPAA-designated
identifiers (Box 17.6)

if all these 18 identifiers are excluded from the

identification of the tissue specimen, HIPAA

requirements do not apply to these tissue
specimens

— Some of the 18 HIPAA identifiers are dates
(e.g., birth date)

Age can be substituted for birth date tn most

research ;

- If dates are required, a limited dataset can
be constructed which excludes other
HIPAA identifiers except dates

If a limited dataset is used by an investigator

and the investigaior signs a dala use agreement

with the source of the clinical information or
tissue, HIPAA also does not apply
Informed consent
— May be waived by local IRB for de-
identified and/or anonymized specimens
— There is no perfect time or place to obtain
informed consent
» At clinic — space and time limited
» In the operating room — area, space, and
iime limited, patient is under stress and
is fasting

» Afier surgery (patient may require pain
medication)

= Trying to obtain consent after discharge
is usually unsuccessful

— Specimens obtained specifically for
research (e.g., extra solid tissue, bodily
fluids) usually require informed consent
from patients

— Informed consent from patients frequently
requires significant resources because lis-
sue repositories have no direct refationship
with patients

— Oblaining informed conset from some
patients to use lissues in biomedical research
may be a problem due to religious, social, or
ethnic considerations/yviews

Retum of research results to patients/reposilories

~ Research resulls may be wrong or their
inlerpretation may be incorrect

— Research resulis may not be applicable to

all subpopulations

— Research resulls retumed to patieng or
potentially involved in medical decisipn,
in the USA must be from CLIA-approveg
laboratories

— Significant liability may occur if researc,
results cause harm to patients

— Research results may be accidemalty
released

- Return of research resulls requires signifi-
cant infrastructure and is expensive

17.19 Cost Recovery

- It is illegal in many countries 10 sell human
tissues; however, recovery of costs associated
with collection, processing, storage, and dis-
tribution of tissues is appropriate. Such cost
recovery may be necessary to permit contin-
ved operation of a human tissue biorepository

+ Some form of cost recovery aids in ensuring
appropriate respect for and efficient utilizaiion
of human Lissues

» Cost recovery is an appropriate component of
long-term  financial  stability of tissue
repositories

« The extent of cost recovery is usvally based
upon resources supporting a biorepository

17.20 Safety in Tissue Repositories

+ A tissue repository has many potential dan-
gers, especiafly biohazards and chemical
hazards
— Potential biokazards include blocd-bome
pathogens (e.g., HIV, hepatitis B), tubercu-
losis, antibiotic resistant bacteria, and
prions

— All tissues, even paraffin blocks, must be
handled with universal precautions

— Chemicat hazards include formaldehyde,
alcohols, and xylene

~ Physical hazards include slippery wet and
paraffin coated floors, as well as dangers 10
employees from other individuals

— If volatile reagents (e.g., xylene) are used

or stored, fire 15 a potential danger
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nts ar — Electrical hazards are represented by save le repository effort and money. This
cisions improperly grounded equipment as weil as might include
proved - personal appliances {e.g., radios) A bar coding system
E Safety program - the safety program of An investigator component (o keep track of
ssearch - a rissue repository may be partially indepen- the details of all investigator requests
o dent or a part of the safety program of the A donor component 1o record details of the
entally . umbrella arganization donor {e.g., age, race, sex, history, clinical

signili-

coniins
ository
1SUring

1] dan-
emical

-borne
bercu-
,  and.

A safety program should have a safety
commitiee and a salety officer

A safety plan is developed to minimize the
chance of injury including the use of engi-
neering practices (e.g., good ventilation and
drains), which includes the use of safety
equipment (e.g., safety glasses, hoods)

The salety plan includes review of the
potential dangers of each employee/visitor
based upon not only the work performed
but also the area of work

A safety training program 15 established

information such as prior therapy)
The donor component might be combined
with a specimen component to follow the
collection, processing, storing, and distrib-
uting of each unique aliquot usually via
a unique bar code
Unique common data elements to avoid
redundancy should be used
These should typically wtilize a pathology
vocabulary as well as more general designa-
tions (e.g., any breast cancer)
~ Required fields should be minimized, and

for personnel that include special train-
ing focused on blood-borne pathogens,
chemical hazards, and if appropriate,
formaldehyde

The safety program applies to personnel work-

ing in the work area where such chemicals are

present or stored; updated yearly

— The safety plan is reviewed yearly and
when incidents occur, the safety plan is
modified 1o prevent their recurrence
Vaccinations for hepatitis B should be
offered to all employees who are in contact
with [resh or [rozen human tissues
Because repositories provide specimens
outside their organization, it is a good idea
to require that outside personnel receiving
these specimens be educated in bichazards
including universal precautions
To protect against chemical hazards, mate-
rial safely data sheets (MSDS) should be
available 10 all employees using chericals
lo which the MSDS apply

the navigaiion should follow the business
plan of the repository (e.g., the order of
how specimens are coilected and processed)
If specimens are identified as to the identity of
Lissue sources, the systern must meel HIPAA
security requirements including installing
the syslem on a secure server behind a fire-
wall, the use of strong passwords, and the
maintenance of audit trails for even viewing
of identified patient information

It may be beneficial to divide the daabase
into an “identified” component which is
small and has very limited access and
a de-identified database devoid of all 18
HIPAA identifiers with-most of the donor
data; this minimizes “read only™ audit trails
In order to meet NC1 and ISBER Best Prac-
tices, the informatics system should keep
track of the history of specimens including
the rimes and details of tissue processing
(e.g.. freeze-thaw cycles)

17.22 Challenges in Meeting
17.21 Informatics Specimens for Genomic Studies

A biorepository should have an informatics + Many tissue banks have SOPs thal are not
Program if the repository is large encugh o designed te meet the stringent demands of
warrant ii. The informalics program should current  genomic stedies (e.g., 0.15 g of
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a tumor with >80% tumer nuclear cellularity
and <309% necrosis); see Fig. 17.1

= Most tumors, except for selected types, cannot
meet this standard because such a requirement
is not characteristic of the growth pattern of
the tumor and supplying such specimens
would require costly microdissection {see
Fig. 17.2)

» Also, these and similar requiremenis will
introduce bias into studies in that the results
will only apply to a very select group of
tumors and not 1o tumors in general

» The costs with such cotlections exceed the
funds provided for collecting, processing,
and microdissection of such cases

- Specimens for genomic studies are best col-
lected prospectively; however, the cosis of
detailed prospective collections (e.g., maiching
samples of blood) may be over $1,000 per case
(patient) due 1o the many collected specimens
which do not meet requirements

17.23 Chalienges Leading to New
Directions in Tissue
Repositories

« All these challenges require relatively novel
approaches and significant additional resources
= Problems
— Neoadjuvant therapy - identify cases
treated with neoadjuvant therapy
» They may or may not be useful for specific
research projects
~ Smaller sizes of tumor — some LMNOIS are
too small 10 obtain samples
- If only in situ lesions are preseni, some
specimens must be submitted totally to
exclude microinvasion
- Biopsies of melastatic lesions may be so
small thas they must be submitied Lotally
— Tissues from melastatic lesions may be
unavailable because imaging is used in
lieu of biopsy of suspecied lesions
» Potential solutions
— Nitrocellulose blots extract RNA, DNA,
and proteins from tissues

+ Proteins can be extracied from nitrgee).
lulose blots and used for discovery: new
approaches using housekeeping proteing
for quantitating specific proteins may be
developed [or blots
« mRNA and microRNA can be exiracieg
from nitrocellulose and logether wity
housekeeping genes can  determine
mRNA and microRNA levels using
RT-Q-PCR
« DNA can be exiracted from nitrocelly.
tose blot and analyzed
- Blots of tumors on glass microscopic
slides can be used to analyze pro-
teins, DNA and RNA

- For small tumors, in situ lesions, or
melastatic lesions, increase the use of
diagnostic paraffin blocks and con-
struct Lissue microarrays

— For all small lesions including fine
needle aspirates, try and obtain extra
samples for consented patients

~ Constder using tissues from autop-
sies of patients with metastatic dis-
ease; perform such autopsies rapidly
(warm autopsy) 10 make tissues mose
useful

— Use of micro-/macrodissection and
laser capture microdissection if
enriched (Fig. 17.2) or pure
(Fig. 17.1} cellular populations are
needed
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Abstract

The use of human specimens in research has contributed to significant scientific and
medical advancements. However, the development of sophisticated whole genome
and informatics technologies and the increase in specimen and data sharing have
raised new questions about the identifiability of specimens and the protection of

participants in human specimen research.

In the US, new regulations and policies are being considered to address these
changes. This paper discusses the current and proposed regulations as they apply
to specimen research, as well as relevant policy discussions. It summarizes the
ways that researchers and other stakeholders can provide their input to these
discussions and policy development efforts. Input from all the stakeholders in
specimen research will be essential for the development of policies that facilitate
such research while at the same time protecting the rights and welfare of research

participants.
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Use of Human Specimens in Research: The Evolving US Regulatory, Policy, and

Scientific Landscape

Human specimens and human specimen biorepositories play a key role in scientific
and medical advancement, and will continue to play a critical role in the future,
particularly towards efforts to develop individualized medicine and targeted
therapies. However, their widespread use raises a number of challenges,
particu}arly those related to the current regulatory, policy and scientific landscape.
Discussed in this paper is the potential importance of human specimens and human
specimen biorepositories to research and the current and evolving regulatory,
policy and scientific landscape in the US as it applies to such research.
Introduction:

Importance of Human Specimens in Research. The use of human specimens in
biomedical research has been critical to the development of current medical care.
Although animal cell lines and specimens are useful in most research, molecular

features of animal specimens frequently are different from those of matching human



specimens just as animal diseases are, in general, different from human diseases.

For example, it was recently reported that mice are a boor model for studying the

genetics of human inflammatory disease.l? The importance of archival clinical

specimens in support of biomedical advances has been elegantly described by Korn

as the “intellectual foundation of modern medicine”.? Indeed, since this publication,

significant additional advances in medical care have been based on research using

human specimens. Included are many major advances that have not only changed

therapies of diseases, but also have resulted in new concepts of human biology.

Therapeutic advances and approaches to medical care now are beginning to target

unique molecular features of pathways that have been identified in human

specimens as important to the development of specific diseases. The potential uses

of molecular targeting have resulted in approaches to treat the unique features of an

individual patient's disease (e.g., personalized or individualized medical care). These

approaches will require even greater use of human specimens both in medical

research and to aid in clinical decisions.456.7



Specific targeting of features of molecular pathways has resulted in novel molecular

directed therapies for once untreatable diseases, especially targeting specific

molecules in different types of cancer. For example, the cellular surface receptor

HER-2, was initially identified using archival human tissues and reported to he

important in causing an aggressive subtype of breast cancer., Studies on human

tissue led to the development of approaches to therapy that specifically target the

HER-2 receptor.® Thus, a once poor prognostic feature of one type of breast cancer

was changed by an effective strategy of molecular targeting to a good prognostic

feature.10.11 p addition, HER-2 targeted therapies are now being expanded to treat

other forms of cancer, such as gastric cancer.12

Recent advances using human tissue have expanded and changed our concepts of

human cellular biology resulting in potential new approaches to the treatment of a

wide variety of diseases. For example, it was discovered that some messenger RNAs

(mRNAs), which are the precursor molecules that permit the production of all

proteins, were regulated in human and other cells by a newly identified category of

small molecule, microRNA, 13 Up regulation or down regulation of specific proteins



may be involved in the development, progression, or severity of specific diseases;

the level of these proteins frequently are affected by microRNAs.13.14 Significantly,

microRNAs are potential targets for specific therapies and the production of these

proteins may be modulated by targeted microRNAs.!5.16 Several other paradigm-

changing discoveries based on the use of human tissues also have altered our

concepts of normal biology as well as causes of disease.5'7 Given the demonstrated

importance of human specimens to biomedical research and their role in developing

approaches to targeted medicine, demand for human specimens has increased

dramatically over the past several decades.l8 A number of types of human specimen

biorepositories have been developed ta help meet this demand.

Surgical Specimen Biorepositories. Because only a small proportion of tissues

removed surgically are required for diagnosis, remnant tissues can be used to

support biomedical research by constructing additional paraffin blocks for research

or providing the remnant tissues as frozen and/or fresh viable tissue. The tissue

required for diagnosis is embedded in paraffin and in addition to providing



diagnosticinformation, also can be used in future research. Other innovative
approaches to obtain samples for research may be applied to specimens that are too
small or are in situ lesions; these include obtaining nitrocellulose blots as tis.sue
aliquots.i? These aliquots of residual surgical specimens may be stored for future

research in various types of biorepositories.

The Cooperative Human Tissue Network (CHTN) is a prospective biorepository
model in which tissues are collected specifically to meet investigator requests.2¢
Alternatively, tissues can be banked for future use in research biorepositories
following a standard operating procedure (SOP}; such a banking model is typically
utilized by Specialized Programs in Research Excellence (SPORE)2! and the National
Cancer Institute Clinical Cooperative Group Banks.?? Each of these two models,
prospective and banking, has advantages and disadvantages. The prospective model
has the advantage of providing specimens which exactly meet an investigator’s
needs and is a model in which generally all specimens are utilized; however, neither

specimens nor clinical cutcomes are immediately available from prospective



biorepositories because both must be collected over time. The banking model
typically has multiple specimens immediately available as well as clinical outcomes
for the specimens provided. The banking model is most appropriate for cases in
which it is necessary to collect clinical or longitudinal data and the participants are
being followed over time. The disadvantages to the banking model are that the SOPs
that are used in collecting and processing specimens may not meet investigator
needs and requirements, especially for use with future technologies that may not
yet be developed, and that many specimens may never be used. The underutilization
of specimens in biobanks has recently been proposed as an important ethical
issue.2? While both types of biorepositories are useful models, careful attention is
needed to the design of the biorepository to ensure that specimens are optimally

utilized. 617

While human specimens and human specimen biorepositories continue to be
important to scientific and medical advances, the availability of large numbers of

specimens and extensive associated demographic and clinical data, the powerful

10



new genetic and genomic technologies such as whole genome sequencing and the

enormous and rapid advances in informatics, raise a number of evolving ethical,

legal and social issues related to the use of human specimens. Discussed below are

the current US regulations and policies as they relate to specimen research,

including human specimen biorepositories, and the evolving scientific and policy

landscape in the US.

The Current US Regulatory, Policy and Scientific Landscape

Federal Regulations That May Apply to Human Specimen Research. In the US,

there are three important federal regulations that may apply to the use of human

tissue and associated data in research, the “Common Rule,” promulgated by the

Department of Health and Human Services (HHS} and codified at Code of Federal

Regulations (CFR) title 45 part 46, Subpart A4, the US Food and Drug

Administration (FDA) human subjects regulations at 21 CFR part 5025, 5626, and

812%7and the Health Insurance Portability and Accountability Act (HIPAA) Privacy
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Rule (45 CFR part 160 and Subparts A and E of part 164)28 and Security Rule (45

CFR part 160 and Subparts A and C of part 164).28 Each of these regulations is

discussed in further detail below.,

The Common Rule: The Common Rule has been codified by 15 US federal

departments and agencies and applies to all research involving human subjects that

is “conducted, supported or otherwise subject to regulation by any federal

department or agency which takes appropriate administrative action to make this

policy applicable to such research.” Each of these 15 federal department or agencies

has a codification of the Common Rule which is equivalent to 45 CFR 46, Subpart AL

The Rule includes requirements for Institutional Review Board (IRB) review and

informed consent for human subjects research.

The Common Rule defines "research” as a systematic investigation, including

research development, testing and evaluation, designed to develop or contribute to

1 Although they have not issued the Common Rule in regulations, three other
agencies have signed onto the Rule. For a complete list of agencies that follow the

Common Rule, see http://www.hhs.sov/ohrp/humansubiects/commonrule/.
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generalizable knowledge. Sometimes the definition is challenging to interpret as

the difference between “research” and uses of patient specimens and associated
p

data in education or clinically relevant activities becomes blurred.2 Therefore,

researchers and pathologists should consult their local IRB for guidance before

beginning activities involving human specimens.

The Common Rule defines a human subject as a living individual about whom an

investigator conducting research obtains either data through intervention or

interaction with the individual; or identifiable private information [45 CFR

46.102(f)]). Therefore, the Common Rule would apply when specimens or associated

information are obtained for research from a living individual through intervention

or interaction with the individual, such as a blood draw or cheek swab, or when

residual specimens taken during the course of routine care are collected

prospectively for research purposes. It would also apply when identifiable

specimens are used for research (i.e., when the identity of the subject is or may

readily be ascertained by the investigator or associated with the specimens).

13



Furthermore, in order for research involving humans specimens to be considered

human subjects research under the Common Rule, the individuals must be living.

Thus, according to the Common Rule, as currently written, research involving

material from deceased individuals (e.g. autopsy material) or the use of specimens

that are completely anonymous (i.e. a link to subject identity does not exist), would

not be subject to the Common Rule, although state and local regulations and policies

may apply.

Under certain circumstances, research using coded specimens, that is, specimens for

which identifying information has been replaced with a code, may not be considered

human subjects research if certain conditions have been met3?. The creation of a

human specimen biorepository for research purposes is considered to be a research

activity and would be considered to involve human subjects research if specimens

and/or associated data are being collected through interaction or intervention with

a living individual or if the human specimen repository includes the collection,

distribution or use of identifiable private information.
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For research using human specimens that is considered human subjects research,

the Common Rule generally requires review by an Institutional Review Board (IRB)

and informed consent from the subject/participant. However, research involving

the collection or study of existing data, documents, records, pathological specimens,

or diagnostic specimens may be exempt from these requirements if the information

is recorded by the investigator in such a manner that subjects cannot be identified,

directly or through identifiers linked to the subjects. [45 CFR 46.101(b)(4)].

Furthermore, the requirement for informed consent for use of human specimens

may be waived by the IRB when all of the following conditions are met [45 CFR

46.116(d)]:

o The research involves no more than minimal risk to the subjects;

o The waiver or alteration will not adversely affect the rights and welfare of

the subjects;

s The research could not practicably be carried out without the waiver or

alteration; and

15



* Whenever appropriate, the subjects will be provided with additional
pertinent information after participation.?

Itis important to note that these requirements are based on the Common Rule as
currently written. As discussed later in this paper, changes to these requirements
are under consideration.3t
The FDA Human Subjects Regulations: The second set of significant US federal
regulations that may apply to the collection and use of human specimens for
research are the Food and Drug Administration (FDA) regulations, 21 CFR 5025,
5626, and 81227, The FDA regulations are similar, but not identical, to the Common
Rule. The FDA regulations apply to all clinical investigations regulated by the FDA
under sections 505(i) and 520(g) of the Federal Food, Drug, and Cosmetic Act, as
well as clinical investigations that support applications for research or marketing

permits for products regulated by the FDA. Among other products included within

2 This requirement was intended to apply to ‘deception research,’ and generally

believed to rarely, if ever, apply to research on human specimens.,
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the scope are drugs for human use, medical devices for human use and biological

products for human use. 21 CFR 50 covers informed consent requirements and 21

CFR 56 covers IRB review requirements. 21 CFR 812.2(a) applies to all clinical

investigations of devices to determine safety and effectiveness unless the device

investigation is exempt under 812.2(c).

The FDA regulations define a human subject differently than the Common Rule. The

FDA regulations at 21 CRF 50.3(g) and 56.102(e) define a human subject as an

individual who is or becomes a participant in research, either as a recipient of the

test article or as a control. A subject may be either a healthy human or a patient.

(See 21 CFR 50.3(g) and 56.102(e)). The device regulations define a subject as an

individual on whom or on whose specimen an investigational device is used. (See 21

CFR part 812).

Unlike the Common Rule, the FDA regulations do not require the research

participant/subject to be identifiable for the regulations to apply. Furthermore,

unlike the Common Rule, the FDA exemptions to the requirement for informed

consent are limited to emergency, life threatening situations, and military

17



operations. This may pose challenges for some studies involving human specimens

{e.g. the development of assays using archived specimens when it is difficult or

impossible to contact the individual to obtain informed consent). In order to

address this issue, the [DA issued guidance stipulating that the FDA would exercise

enforcement discretion with regard to requiring informed consent when leftover

human specimens that are not individually identifiable are used in FDA-regulated

in-vitro diagnostic investigations, if certain conditions specified in the guidance are

met.32

The Health Insurance Portability and Accountability Act, Privacy and Security

Rules: The third major set of US federal regulations that may be relevant to some

human specimen research is the Health Insurance Portability and Accountability Act

(HIPAA) Privacy and Security Rules.28 The Privacy Rule regulates the uses and

disclosures of individually identifiable health information by “covered entities”

(health care providers, health plans, and health care clearinghouses). While the

Privacy Rule does not apply to the use of human specimens per se, it may apply to

uses and disclosures of the health information that may be associated with the

18



specimens. The Privacy Rule generally requires patient authorization for uses and
disclosures of health information that is individually identifiable. [See 45 CFR part
164.508]. Authorization is a similar but not identical concept to informed consent.
Informed consent is the process by which subjects are informed about the risks and
benefits of participating in research whereas authorization is solely a permission to
allow researchers to use or disclose defined protected health information.

The ways in which protected health information may be used and disclosed for
research is summarized in Table 1. Patient authorization is not required if the
information to be used or disclosed is de-identified according to the Privacy Rule’s
requirements at Section 164.514 (See Table 2) or a “Limited Data Set” (See Table 3)
pursuant to a Data Use Agreement that meets the requirements of the Rule. Patient
authorization for the uses and disclosures of protected health information is also
not required if an IRB has waived the requirement for authorization according to
criteria stipulated in the Rule, for purposes “preparatory to research” or for

research solely on decedents if certain representations are made to the IRB. The US
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Department of Health and Human Services has provided additional guidance on how
the Privacy Rule applies to research33, as well as guidance on de-identification.34
The HIPAA Security Rule establishes national standards to protect individuals’
electronic personal health information that is created, received, used, or maintained
by covered entities.28 The Security Rule (45 CFR Part 160 and Subparts A and C of
Part 164) includes requirements for appropriate administrative, physical and
technical safeguards to ensure the confidentiality, integrity, and security of
electronic protected health information. These requirements may apply to research
databases, such as those that may be associated with specimen collections, including
those of individual investigators.

Other Applicable Regulations and Policies: In addition to the aforementioned US
federal regulations, there may be state and local regulations or funding agency
policies that may apply to human specimen research. For example, some states
have their own human subjects regulations (e.g. New York, Maryland, Virginia, and
California}.3>  In addition, state laws concerning genetic testing, genetic or medical

record privacy also may apply and these may vary considerably from state to

20



state.35 Certain human specimen research funded by the National Institutes of

Health (NITH) may be subject to resource and data sharing policies, such as the NIH

policy on genome-wide association studies. This policy calls for investigators funded

by the NIH for genome-wide association studies to share de-identified genotypic and

phenotypic data through a centralized NIH data repository.36

In other countries, there may be different ethical and privacy regulations and

policies that may apply to the use of human specimens and associated data in

research.3”. These regulations and policies, especially in the European Union, are

evolving rapidly and need to be considered when international collaborations are

involved in research involving human specimens and/or data.

The Evolving Legal and Ethical Landscape Related to Human Specimen

Research

Some of the aforementioned US regulations governing human subjects research

were written a decade or two ago. Since that time, the research environment has
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evolved dramatically from research conducted in single laboratories to natiqnal and
international multi-sjte collaborations between academia, government, industry and
non-profit entities. Specimen and data sharing has also increased significantly, with
many funding agencies now expecting broad sharing of research tools and data.
Furthermore, the advent of affordable whole genome technologies, the increase in
research databases, and implementation of electronic health records have raised
new questions about privacy. At the same time, advances in technology are raising
new questions regarding the identifiability of specimens and genomic data.

A number of cases in the media, both in the US and abroad have underscored some
of the ethical, legal and social issues related to the use of human specimens in
research. The Alder Hey organs scandal in the UK, involved the unauthorized
removal, retention, and disposal of human tissue, including children’s organs, from
1988 to 1995, and led to the Human Tissue Act 2004, and the creation of the Human
Tissue Authority.3839 A number of cases in the US, have also highlighted important
ethical issues related to the use of human specimens for research. Issues related to

informed consent and the commercial use of tissue were highlighted in a recent best
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seller#® concerning Henrietta Lacks, the daughter of a poor African- American

tobacco farmer whose specimens were obtained without her knowledge or consent

and used to develop cell lines which have been shared broadly and sold throughout

the world. More recently, the posting of Henrietta Lacks' genomic sequence on a

publicly available website without the consent of her family led to its removal.41:42

The retention of blood spots obtained from newborn children for research without

parental consent led to a lawsuit in Texas resulting in the destruction of

approximately 5 million samples.*34* Other cases such as the Moore Case®’,

Canavan Casei6, and Catalona Case®”- 48 #9involved lawsuits regarding claims of

private ownership of human specimens used in research. In none of these cases did

courts find that research participants had any ownership rights to their tissue,

although the courts noted the importance of informed consent.5? To date, thereis

no federal law addressing the ownership of human tissue.

in another case that received attention in the US, specimens were collected from

members of the Havasupai tribe for research on diabetes. The specimens were later
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used for studies of migration and other purposes that the tribe found objectionable.
Tribal members sued the investigators and the university claiming fraud, breach of
fiduciary duty, intentional infliction of emotional distress, negligence, conversion
and lack of informed consent. The lawsuit also alleged that the researchers allowed
wholesale transfer of blood samples from laboratory to laboratory and university to
university and that many samples could not be accounted for. The lawsuit was
settled with a payment of $700,000 to the tribe along with the return of the blood
samples , any derivatives, and associated data and documentation.51:52

These cases demonstrate the importance of informed consent and transparency in
specimen research. They also demonstrate the need to respect cultural perspectives
in the conduct of such research, and the importance of having systems in place for
tracking specimens when they are distributed for additional research and

mechanisms for ensuring specimens are used consistent with informed consent.

These cases also illustrate the need for sound governance mechanisms and best

practices for the collection, storage, distribution and use of human specimens in
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research. A number of best practices have been developed in this area. These
include the International Society for Biological Biorepositories Best Practicesss, the
National Cancer Institute (NCI) Best Practices54, and the Organisation for Economic
Cooperation and Development (OECD) Guidelines for Human Biobanks and Genetic
Research Databases.55

In the US, new regulations and policies are being considered to address the changes
in the research environment.5¢ The changes in the regulations being contemplated
were discussed in An Advanced Notice of Proposed Rulemaking (ANPRM) entitled
“Enhancing Protections for Research Subjects and Reducing Burden, Delay, and
Ambiguity for Investigators” published on July 26, 2011.31 The ANPRM discusses a
number of changes to the Common Rule that are being contemplated to provide
additional protections for participants of research, as well as reforms to reduce the
burden to the research community.

The ANPRM addressed a number of issues related to human specimen research and
invited comments on them. Among the issues for which public comments were

solicited is whether specimens should in themselves be considered identifiable,
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whether consent should be required for unidentified specimens, and whether a
broad (non-specific) consent for future use of tissues should be considered
acceptable. In addition, a new category of research was discussed, an “excused”
category of research involving secondary use of specimens and identifiable
information in which consent is required but there is no IRB review, unless the
researcher plans to contact subjects with individual research results. Additional
issues related to the use of human specimens discussed in the ANPRM are
summarized in Table 4. During the public comment period of 90 days, more than

1,100 comments were received in response to the proposed Rule.

A Notice of Proposed Rulemaking is only one, preliminary step in the regulation
making process. The Administrative Procedure Act, Pub.L. 79-404, 60 Stat. 237,
governs the way federal agencies may propose and establish regulations. This Act
generally requires agencies ta publish all proposed new regulations in the Federal
Register at least 30 days before they tqke effect and provide a way for the public to

comment on the proposed regulation. The agency can then decide whether to
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proceed with the rulemaking process and if so, incorporate the public comments
into a Notice of Proposed Rulemaking. This Notice of Proposed Rulemaking is
issued for public comment before finalizing and publishing a Final Rule. However,
an agency may decide to take no further action at any step of this process. Atthe
time of the writing of this article, a Notice ofPl'oposed Rulemaking on the proposed

changes to the Common Rule has not been issued.

The scientific and policy landscape is evolving to reflect new ethical issues and
privacy challenges related to advancements in science and technology. Recent
studies demonstrating the potential to identify individuals by their genomic data,
even when stripped of traditional identifiers has raised new questions about how
best to protect participants who contribute their specimens to research. Homer and
colleagues demonstrated that they could detect an individual’'s SNP profile in a
mixture of DNA from 1,000 individuals.57 This led to a change in NIH's data sharing
policies for whole genome association studies to provide further protection of

aggregate genome wide association study data shared through the Database of
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Genonotypes and Phenotypes (dbGaP).585% In another more recent study,

researchers were able to identify anonymous DNA donors in the 1,000 Genomes

Project by matching their DNA sequences to publicly available genealogy

databases.50

Another area of considerable discussion related to human specimen research is

when individual research results should be provided to research participants. The

issue of when individual research results should be returned to research

participants is not addressed explicitly in US federal regulations.

From an ethical perspective, the issue of return of results and incidental findings has

been debated for many years, and a number of groups have made recommendations

in this area.t162 Arguments for return of results include respect for persons,

beneficence, reciprocity, justice, and the duty to rescue.

Arguments against return of research results include the view that the original

intent is an altruistic donation to help research, that return of research results

would promote a therapeutic misconception, and perhaps most importantly, that
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harms can accrue when individual research findings that are incorrect or have not

been validated are returned to participants or their physicians.

More recent discussions have focused on when and how research results and

incidental findings should be returned to individuals from genomic biobanks.&3

However, the return of research results from genomic biobanks is complex, with not

only ethical implications, but legal and practical implications; thus considerable

caution in the return of such findings is needed.6463

The issues raised by the advent of genomic technologies are being explored by the

Presidential Commission for the Study of Bioethical Issues, a panel of experts who

advises the President on bioethical issues arising from advances in biomedicine and

related areas of science and technology. The Commission recently issued a report

entitled, “Privacy and Progress in Whole Genome Sequencing”.66é The Commission

recommended strong baseline protections for whole genome sequence data and

urged federal and state governments to ensure a consistent floor of individual

privacy protections covering whole genome sequence data across state lines. They

also recommended that clinicians and researchers use robust and understandable
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informed consent procedures when conducting whole genome sequencing and that
the federal government facilitate broad public access to the important clinical
advances that result from whole genome sequencing. As its next project, the
Commission has taken up the return of incidental findings, including those arising
during the course of genomic research and other research on human specimens,
While the Commission’s recommendations do not constitute official policy guidance,
these discussions and other policy development efforts are likely to have a
significant impact on biorepositories and the use of human specimens in research

and should be followed closely by the research community.

Summary and Conclusions

As the scientific and policy landscape continues to evolve in the US, it will be
important for researchers and other stakeholders to provide input as new

regulations and policies are developed. Researchers, research participants, and
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other relevant stakeholders can follow publication of regulations and policies in the

Federal Registert? and Regulations.gové® and provide comments through

Regulations.gov during the public comment period. Additionally, the International

Society for Biological and Environmental Repositories (ISBER)? Science Policy

Committee tracks policy and regulatory developments in the US and abroad,

disseminates information to ISBER members and provides comments on hehalf of

[SBER. Nonetheless, comments from individuals as well as groups representing

them are also important. Active engagement of all the relevant stakeholders will be

essential to help inform the development of policies related to the use of specimens

in research that will allow important research to proceed, while at the same time

protecting participants of such research, their privacy and the confidentiality of

their data. Responsible stewardship of specimens used for research will be critical

to ensure that public trust is maintained in the research enterprise.

Acknowledgements: The authors would like to thank Rina Hakimian for her helpful

comments on this manuscript.

Conflicts of Interest

31



M.].B. is a member of the International Society for Biological and Environmental

Repositories (ISBER). W.E.G. operates tumor banks as part of the Breast, Pancreatic

and Cervical SPOREs at the University of Alabama at Birmingham and the

Pulmonary Hypertension Break- through Initiative and prospective tissue

repositories as part of the Cooperative Human Tissue Network and the

Comprehensive Cancer Center and is a member of ISBER.  He is also a member of

the ethics group of the U54 grant, Morehouse School of Medicine/Tuskegee

University /University of Alabama at Birmingham Comprehensive Cancer Center

Partnership.

REFERENCES

1. Seok ], Warren HS, Cuenca AG et al. Inflammation and Host Response to

Injury, Large Scale Collaborative Research Program. Genomic responses in

mouse models poorly mimic human inflammatory diseases. Proc Natl Acad

SciUSA. 2013;110{9):3507-12.

32



2. Grizzle WE, Moore HM. Mice model findings and the future of human tissue in

disease research. Biopreservation and Biobanking, 2013; 111-2 DOI:

10.1089/bio..2013.1132.

3. Korn D. Contribution of the human tissue archive to the advancement of

medical knowledge and the public health. Research involving human

biological materials: ethical issues and policy guidance. National Bioethics

Advisory Commission 2000; 2: E1-E30. Available for download at

http://bioethics.georgetown.edu /nbac/pubs.itml. Accessed 25 May 2013.

4. Grizzle WE, Srivastava S, Manne U. Translational Pathology of Neoplasia. In:

Translational Pathology of Early Cancer. (Eds. S Srivastava, WE Grizzle) 108

Press BV, Amsterdam, The Netherlands; 2012; 7-20.

5. Grizzle WE, Srivastava S, Manne U. The biology of incipient, pre-invasive or

intraepithelial neoplasia. In: Translational Pathology of Early Cancer, (Eds. S

Srivastava, WE Grizzle), 10S Press BV, Amsterdam, The N etherlands;

2012;21-39.

33



6. Grizzle WE, Bell WC, Sexton KC. Issues in collecting, processing and storing
human tissues and associated information to support biomedical research.
In: Translational Pathology of Early Cancer. (Eds. S Srivastava, WE Grizzle),
108 Press BV, Amsterdam, The Netherlands 2012;531-549.

7. Srivastava S, Grizzle WE. Biomarkers and the genetics of early neoplastic
lesions. In: Translational Pathology of Early Cancer, (Eds. S Srivastava, WE
Grizzle), 10S Press BV, Amsterdam, The Netherlands; 2012;41-64.

8. Slamon DJ, Leyland-Jones B, Shak Set al. Use of chemotherapy plus a
monoclonal antibody against HERZ for metastatic breast cancer that
overexpresses HERZ. N Engl | Med 2001; 344(11): 783-92.

9. Jackish C. HER-2-positive metastatic breast cancer: optimizing trastuzumab-
based therapy. The Oncologist 2006; 11: Supplement 1, 34-41.

10. Nahta R, Esteva F]. Trastuzumab: triumphs and tribulations. Oncogene

2007; 26: 3637-3643.

34



11. Von Minckwitz G, Schwedler K, Schmidt M et al. Trastuzumab beyond

progression: overall survival analysis of the GBG 26/BIG 3-05 phase 111 study

in HER2-positive breast cancer. Eur | Cancer 2011; 4; 2273-2281.

12. Ruschoff ], Dietel M, Baretton G et al. HER2 diagnostics in gastric cancer-

guideline validation and development of standardized immunohistochemical

testing. Virchows Arch 2010; 457(3): 299-307.

13. McNally LR, Manne U, Grizzle WE. Post-transcriptional processing of genetic

information and its relation to cancer. Biotech Histochem (in press).

14. Volinia S, Calin GA, Chang-Gong L et al. A microRNA expression signature of

human solid tumors defines cancer gene targets. PNAS 2006; 103(7): 2257-

2261,

15. Kriitzfeldt ], Rajewsky N, Braich R et al. Silencing of microRNAs in vivo with

'antagomirs'. Nature (2005); 438 doi;10.1038/nature(4303.

35



16. Wu Y, Crawford M, Mao Y et al. Therapeutic delivery of MicroRNA-29b by

cationic lipoplexes for lung cancer. Mol Ther Nucleic Acids. 2013. 2:e84.

PMID: 23591808. PMCID: PMC3650246.

17. Grizzle WE, Sexton KC, Bell WC. Human Tissue Biorepository, In: Molecular

Genetic Pathology, volume 1, 2nd edition. (Eds. L Cheng, D. Zhang, Eble ]),

Springer Science+Business Media. 2013;483-497,

18. Hughes SE, Barnes RO, Watson PH. Biospecimen use in cancer research over

two decades. Biopreservation and Biobanking 2010; 8(2): 89-97.

19. Gaston SM, Soares M4, Siddiqui MM et al. Tissue-print and print-phoresis as

platform technologies for the molecular analysis of human surgical

specimens: Mapping tumor invasion of the prostate capsule. Nat Med 2005;

11(1): 95-101.

36



20. National Cancer Institute CHTN Cooperative Human Tissue Network

http://www.chtn.nci.nih.gov Accessed 25 May 2013.

21, National Cancer Institute Translational Research Program.

http://trp.cancer.gov Accessed 25 May 2013.

22. National Cancer Institute (NCI) Cooperative Group Banks: Biorepositories

for NCI-sponsored Clinical Trials. http://cgb.cancer.gov. Accessed 25 May

2013.

23. Cadigan R], Dragana L, Haldeman K, et al. Neglected ethical issues in biobank

management: Results from a U.S. study. Life Sciences, Society and Policy

2013, 9:1, published on-line March 2013.

24. Code of Federal Regulations Title 45 Public Welfare Department of Health

and Human Services Part 45 Protection of Human Subjects.

http://www.hhs.gov/ohrp/humansubiects/guidance /45cfr46.html.

Accessed 25 May 2013.

37



25. Code of Federal Regulations Title 21. Food and Drugs. Chapter I - Food and

Drug Administration Department of Health and Human Services. Subchapter

A. General Part 50. Protection of Human Subjects.

http: / /www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfCFR/CFRSearch.cfm?

CFRPart=50&showFR=1. Accessed 25 May 2013.

26. Code of Federal Regulations Title 21. Food and Drugs. Chapter I - Food and

Drug Administration Department of Health and Human Services. Subchapter

A. General Part 56. Institutional Review Boards.

http: //www.accessdata.fda.gov/scripts/cdrh/cfdocs Jcfclr /cfrsearch.cfm?cfr

part=56. Accessed 25 May 2013.

27.Code of Federal Regulations Title 21. Food and Drugs. Chapter [ - Food and

Drug Administration Department of Health and Human Services. Subchapter

H. Medical Devices Part 812 Investigational Device Exemptions.

hitp://www.accessdata.fda.gov/scripts/cdrh/efd ocs/cfcfr/cfrsearch.cfm?cfrpart

=812. Accessed 25 May 2013.

38



28. U.S. Department of Health and Human Services. Combined Text of All Rules

[45 CFR Parts 160, 162, and 164]. Available for download at:

http://www.hhs.gov/ocr/privacy/hipaa/administrative/combined/index.ht

ml. Accessed 17 June 2013.

29. Bell WC, Sexton KC, Grizzle WE. How to efficiently obtain human tissues

to support specific biomedical research projects. Cancer Epidemiol

Biomarkers Prev 2009; 18(6): 1676-9.

30. “OHRP Guidance on Research Involving Coded Private Information or

Biological Specimens”

http://www.hhs.gov/chrp/humansubjects/guidance/cdebiol.pdf. Accessed

25 May 2013.

31. Human subjects research protections: enhancing protections for research

subjects and reducing burden, delay, and ambiguity for investigators. Federal

Register, July 26, 2011. 76 CFR 44512. HHS-OPHS-2011-005.

39



32. FDA ."Guidance on Informed Consent for In Vitro Diagnostic Device

Studies Using Leftover Human Specimens that are Not Individually

Identifiable” http://www.fda.gov/cdrh/oivd/guidance/1588.html. Accessed

25 May 2013.34,

33. U.S. Department of Health and Human Services, Protecting Personal

Health Information in Research: Understanding the

HIPAA Privacy Rule. Available for download at

http://privacyruleandresearch.nih.gov/pr_02.asp. Accessed 25 May 2013,

34. U.S. Department of Health and Human Services , Guidance Regarding

Methods for De-identification of Protected Health Information in Accordance

with the Health Insurance Portability and Accountability Act (HIPAA) Privacy

Rule.

http://www.hhs.goy /ocr/privacy/hipaa/understanding/coveredentities/De

- identification/guidance.html. Accessed 25 May 2013.

35. Hakimian R, Taube S, Bledsoe M, Aamodt R. National Cancer Institute

Cancer Diagnosis Program: 50-State Survey of Laws Regarding the Collection,

40



Storage, and Use of Human Tissue Specimens and Associated Data for

Research. Bethesda, MD: National Institutes of Health; 2004. NIH publication

05-5628. http://cdp.cancer.gov/humanSpecimens/survey/index.htm.

Accessed 25 May 2013.

36. U.S. Department of Health and Human Services, National Institutes of

Health. Genome-Wide Association Studies (GWAS). http://gwas.nih.gov/.

Accessed on 25 May 2013.

37.U.5. Department of Health and Human Services, Office for Human

Research Protections. International Compilation of Human Research

Standards.

http://www.hhs.gov/ohrp/international/intlcompilation/intlcompilation.ht

ml. Accessed on 25 May 2013.

38. The Royal Liverpool Children’s Inquiry: Summary and

Recommendations. The House of Commons, January 30, 2001.

http://www.official-

41



documents.gov.uk/document/hc0001/hc00/0012/0012_i.pdf. Accessed 25
May 2013.

39. The National Archives. Legislation.gov.uk. Human Tissue Act 2004.
http://www.1egislation.gov.uk/ukpga/Z004/30/c0ntents. Accessed 25 May
2013.

40. Skloot, R. The Immortal Life Of Henrietta Lacks. New York: Crown
Publishing, Random House, Inc. 2010.

41. Skloot, R. The Immortal Life of Henrietta Lacks, the Sequel. New York
Times, March 23, 2013.

42, Travis, J. Privacy Flap Forces Withdrawal of DNA Data on Cancer Cell
Line. Science Insider 2013. March 26, 2013.

43. Grody, WW and Howell RR. The fate of newborn screening blood spots.
Pediatric Research 2010; 67(3); 237.

44. Fikac P. State to destroy newborns’ blood samples. The Houston

Chronicle, December 22, 2009. http://www.chron.com/news/houston-

472



texas/article/State-to-destroy-newborns-blood-samples-1599212.php.

Accessed 25 May 2013.

45. Moore v Regents of the University of California, 793P2d479 (Cal Rptr 146

1990).

46. Greenberg v Miami Children’s Hospital Research Institute,264 F Supp 2d

1064 (SD Fla 2003).

47. Washington University v Catalona,437FSupp2d985(ED Mo 2006).

48. Washington University v Catalona,400F3d667(8thCir 2007).

49, Kaiser ]. Court decides tissue samples belong to university, not patients.

Science. 2006;312:346.

50. Hakimian R, Korn D. Ownership and use of tissue specimens for research.

JAMA, 2004;292:2500-2505.

51. KieferM. Havasupai Tribe ends regents lawsuit with burial. The Arizona

Republic. April 22, 2010. Available for download at

http://www.azcentral.com/arizonarepublic/local/articles/2010/04/22/201

43



00422arizona-havasupai-tribe-regents-lawsuit.html. Accessed on 25 May
2013.

52, Mello MM, Wolf LE. The Havasupai Indian tribe case: lessons for research
involving stored biologic samples. N Engl ] Med. 2010;363:204-207.

53. Campbell L, Betsou F, Garcia DL, Giri ]G, Pitt KE, Pugh RS, et al. ISBER.
2012 Best Practices for Repositories: Collection,, storage, retrieval and
distribution of biological materials for research, 3rd edition. Biopreservation
and Biobanking 2012; 10: 79-161. Available for download at INCLUDE NEW
URL HERE

54. National Cancer Institute 2011 Best Practices for Biospecimen
Resources.

Available for download at http://biospecimens.cancer.gov/practices/.
Accessed on 25 May 2013,

55. Organisation for Economic Cooperation and Development (OECD)
Guidelines for Human Biobanks and Genetic Research Databases, 2009,

Available for download at

44



http://www.oecd.o1'g/sti/biotech/guide]inesforhumanbiobanksandgeneticr

esearchdatabaseshbgrds.htm. Accessed on 25 May 2013.

56. Emanuel EJ and Menikoff]. Reforming the regulations governing

research with human subjects. NEJM 2011; 365; 12,1145 - 1150.

57. Homer N, Szelinger S, Redman M et al. Resolving individuals contributing

trace amounts of DNA to highly complex mixtures using high-density SNP

Genotyping Microarrays.

PLOS Genetics, August 29, 2008.

58. NCBI Database of Genotypes and Phenotypes.

http://www.ncbinlm.nih.gov/gap. Accessed 25 May 2013,

59. Zerhouni EA, Nabel EG. Protecting aggregate genomic data. Science,

2008 Oct 3;322(5898):44.

60. Gymrek M, McGuire AL, Golan D, Halperin E, Erlich Y. Identifying

Personal Genomes by Surname Inference, Science 2013; 339(6117); 321-

324.

45



61. Wolf SM, Lawrenz FP, Nelson CA, et al. Managing incidental findings in

human subjects research: analysis and recommendations. J] Law Med Ethics

2008; 36:219-248.

62. Fabsitz RR, McGuire A, Sharp RR, et al. National Heart, Lung and Blood

Institute working group: Ethical and practical guidelines for reporting

genetic research results to study participants: updated guidelines from a

National Heart, Lung and Blood Institute working group. Cir Cardiovasc

Genet 2010; 3:574-580.

63. Wolf SM, Crock BN, Van Ness B, et al. Managing incidental findings and

research results in genomic research involving biobanks and archived data

sets. Genetics in Medicine 2012; 14: 361-384.

64. Bledsoe M], Grizzle WE, Clark BJ, Zeps N. Practical implementation issues

and challenges for biobanks in the return of individual research results.

Genetics in Medicine 2012; 14; 478-483.

46



65. Bledsoe M], Clayton EW, McGuire AL, Grizzle WE, O'Rourke, PP, Zeps N.

Return of research results from genomic biobanks: cost matters. Genetics in

Medicine 2013; 15; 103 - 105.

66. The Presidential Commission for the Study of Bioethical Issues. Privacy

and Progress in Whole Genome Sequencing. October 2012, Available for

download at http://bioethics.gov/node/764. Accessed on 25 May 2013.

67. National Archives and Records Administration. The Federal Register.,

https://www.federalregister.gov/. Accessed on 27 May 2013.

68. Regulations.gov. http://www.regulations.gov/#!home. Accessed on 27

May 2013.

69. The International Society for Biological and Environmental Repositories.

http://www.isber.org/. Accessed on 17 June 2013

47



Table 1,

Ways in Which Protected Health Information Can be Used and Disclosed by Covered

Entities For Research Under the HIPAA Privacy Rule [45 CFR parts 160, 162, and

164]:

° With individual’s authorization for research [See 45 CFR part 164.508]

»  Without individual’s authorization if one of the following applies and other

conditions in the Rule have been met [See 45 CFR part 164.512]:

o

IRB or Privacy Board waiver

Preparatory to research (with certain representations)

Limited data set (with data use agreement)

De-identified dataset

Research solely on decedents

Informed consent, waiver of informed consent, or permission before

compliance date



Table 2. De-ldentified Data Set'?

The Privacy Rule allows a covered entity to de-identify data by removing all 18 elements that
could be used to identify the individual or the individual's relatives, employers, or household
members; these elements are enumerated in the Privacy Rule. The covered entity also must have
no actual knowledge that the remaining information could be used alone or in combination with
other information to identify the individual who is the subject of the information. Under this

method, the identifiers that must be removed are the following:

1. Names. 4. Telephone numbers.
2. All geographic subdivisions smaller 5. Facsimile numbers.
than a state, including street address, 6. Electronic mail addresses.
city, county, precinct, ZIP Code, and 7. Social security numbers.
their equivalent geographical codes, 8. Medical record numbers,
except for the initial three digits of a 9. Health plan beneficiary numbers.
ZIP Code if, according to the current 10. Account numbers.
publicly available data from the I'l. Certificate/license numbers.
Bureau of the Census: 12. Vehicle identifiers and serial
a. The geographic unit formed numbers, including license plate
by combining all ZIP Codes nuimbers.
with the same three initial 13. Device identifiers and serial numbers.
digits contains more than 14, Web universal resource locators
20,000 people. (URLs).

! Excerpt taken from “Protecting Personal Health Information in Research: Understanding the HIPAA
Privacy Rule”, U.S. Department of Health and Human Services.

* Note Covered Entities may also use statistical methods to establish de-identification instead of removing
all 18 identifiers, [See 45 CFR part 164.514(b)].



el

b. The initial three digits of a
ZIP Code for all such
geographic units containing
20,000 or fewer people are
changed to 000,

All elements of dates (except year)
for dates directly refated to an
individual, including birth date,
admission date, discharge date, date
of death; and all ages over 89 and all
elements of dates (including year)
indicative of such age, except that
such ages and elements may be
aggregated into a single category of

age 90 or older.

I5.

16.

17.

Internet protocol (IP) address
numbers,

Biometric identifiers, including
fingerprints and voiceprints.
Full-face photographic images and

any comparabie images.

. Any other unique identifying number,

characteristic, or code, unless
otherwise permitted by the Privacy

Rule for re-identification.



Table 3

Limited Dataset Under the Privacy Rule’

A limited data set is described as health information that excludes certain, listed direct identifiers
(see below) but that may include city; state; ZIP Code; elements of date; and other numbers,
characteristics, or codes not listed as direct identifiers. The direct identifiers listed in the Privacy
Rule's limited data set provisions apply both to information about the individual and to information
about the individual's relatives, employers, or household members. The following identifiers must

be removed from health information if the data are to qualify as a limited data set:

1. Names. 10. Certificate/license numbers.

2. Postal address information, ather than 11. Vehicle identifiers and serial numbers,
town or city, state, and ZIP Code. including license plate numbers.

3. Telephone numbers. 12. Device identifiers and serial numbers.

4, Fax numbers. 13. Web universal resource locators

5. Electronic mail addresses. (URLs).

6. Social security numbers. 14. Internet protocol (IP) address

7. Medical record numbers. numbers.

8. Health plan beneficiary numbers. 15. Biometric identifiers, including

9. Account numbers. ‘ fingerprints and voiceprints.

16. Full-face photographic images and

any comparable images.

! Excerpt taken from “Protecting Personal Health Information in Research: Understanding the

HIPAA Privacy Rule”. U.S. Department of Health and Human Services.



Table 4. Specimen-Related Issues on Which Comments Were Solicited in the

Advanced Notice of Proposed Rulemaking, “Human subjects research protections:

enhancing protections for research subjects and reducing burden, delay, and

ambiguity for investigators”1.

* Specified data security protections calibrated to the level of identifiability

e Identifiability of specimens

e Consentrequirements for research use of specimens stripped of identifiers

°® Acceptability of broad consent for specimen research

e Whether there should be an “excused” category of research involving

secondary use of specimens and identifiable information in which consent is

required but there is no IRB review, unless PI plans to contact subjects with

individual research results

! Federal Register. July 26, 2011. 76 CFR 44512. HHS-OPHS-2011-005.
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ABSTRACT:

Normal and diseased cells release bilayered membrane bound nanovesicles into interstitial
spaces and into bodily fluids. A subgroup of such microvesicles are called exosomes and are
described in blood as 30-100nm in diameter, spherical to cup-shaped nanoparticles with
specific surface molecular characteristics (e.g., expression of the tetraspanins CD9, CD81 and
CD63). Extracellular microvesicles provide local signals (e.g., autocrine and paracrine) as well as
distant endocrine signals to cells via the transfer of their contents which include signal proteins,
lipids, microRNAs and functional mRNAs. Exosomes and related microvesicles also aid cells in
exporting less unneeded molecules as well as potentially harmful molecules including drugs; in
the case of neoplasia, the export of chemotherapeutic drugs may facilitate cellular

chemoresistance.

Cancers have adapted the exosome and related microvesicles as a pathway by which neoplastic
cells communicate with each other (autocrine) as well as with non-neoplastic cells (paracrine
and endocrine); via this pathway, cancers suppress the immune system and establish fertile
local and distant environments to support neoplastic growth, invasion, and metastases.
Because exosomes mirror and bind to the cells from which they arise, they can be used for
delivery of drugs, vaccines and gene therapy, as biomarkers and as targets. This manuscript
reviews how exosomes and related extracellular microvesicles facilitate the progression and

metastases of cancers and describes how these microvesicles may impact clinical care.
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AN OVERVIEW OF EXOSOMES AND RELATED MICROVESICLES IN CANCER:

Exosomes are a subcategory of bilayer membrane-bound nanovesicles released from normal
and diseased cells into interstitial spaces and in some cases, into bodily fluids. Exosomes also
are released by cultured cells into media. Exosomes are defined and separated from other
vesicles based upon their source, method of isolation, sizes and surface markers. Exosomes and
other vesicles frequently are unrecognized as to their importance to physiological and
pathological processes because they are essentially invisible; their small sizes keep them
suspended in fluids so that their effects may not be identified in that their contents and
functions would seem to be consistent with those of soluble molecules. Exosomes and related
microvesicles were once thought to be artifacts and/or cellular trash, but now exosomes are
accepted as a component of a newly identified intercellular communication system that can
modulate the functions of target cells. The involvement of exosomes and related microvesicles
in providing autocrine (i.e., local signals between the same cell type, e.g., cancer cells),
paracrine (local signals between different cell types such as between epithelial cancer cells and
stromal cells) and endocrine signals (i.e. distant signals between any types of -cells usually

carried via-in bodily fluids [blood]) via-theirmelecutarcontents-has led to the frequent use of

the term, signalosomes, being applied to these structures.

A specific subtype of exosome/vesicle/particle is released by tumor cells (tumor-derived
exosomes or TD-exosomes). TD-exosomes/microvesicles may be released into the interstitial
space or even directly into lymphatics or into pseudo-capillaries formed by tumors. Also, the

neovascularity of malignant tumors is thought to be especially leaky and its permeability may
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be influenced by exosomes, cytokines and other local molecules such as vascular endothelial

growth factor (VEGF).

The presence of TD-exosomes in patients with malignant tumors leads to several important

issues and concepts (1-23).

Exosomes/microvesicles in the blood of patients with tumors are composed of both
exosomes/vesicles from normal cells, diseased cells (comorbid conditions), as well as
TD-exosomes/microvesicles (Table 1). TD-exosomes are characteristic of the-tumor cells

and have different molecular characteristics than microvesicles from other sources.

Tumor cells may release more microvesicles than other cells and TD-exosomes may
have easier access to the vascular system and thus may be selectively increased in blood

compared to microvesicles from other sources.

Smaller microvesicles with specific molecular surface characteristics may selectively
reach the blood and larger microvesicles may remain in the interstitial space and
selectively provide autocrine and paracrine signals to stromal, inflammatory and

endothelial cells.

Once specific cellular populations within the tumor are affected by
TD/exosomes/microvesicles, various modulatory loops may be established which

facilitate the growth, progression, and cellular dissemination of the tumor.

Via autocrine interactions, TD-exosomes may stimulate malignant cells to grow, move

and invade the vascular-lymphatic system and disseminate via chemotaxis to nodal and
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94 other metastatic sites. Exosomes may establish favorable environments at potential
95 metastatic sites and may aid the survival of neoplastic cells at sites of metastases.
96 e As part of establishing specific micro-environments and interacting with various cellular
97 compartments, chemotaxis is likely to be a very important though poorly described
98 signaling pathway of exosomes.
99 e Some tumors frequently induce thrombosis and hence may cause an increase in
100 microvesicles/microparticles that are released from platelets. These microvesicles have
101 to be experimentally separated from microvesicles derived from actual malignant cells
102 or other types of cells.
103 e TD-exosomes can interact with the normal cells of the immune system to reduce
104 immune surveillance by increasing cells which inhibit immunity, decreasing antigen
105 presenting cells and inhibiting T and NK cells.
106 e Exosomes function in removal of waste products, drugs, -and/or lessether unnecessary
107 molecules from cells and hence exosomes may facilitate chemoresistance.
108 e Exosomes/microvesicles have been reported to transfer oncogenic features among
109 malignant cells as well as transiently to non-neoplastic cells, suggesting the probability
110 of lateral transfer of phenotypic features among cells.
111 e Immunoseparations suggest that distinct populations of exosomes may have different
112 molecular characteristics and may arise from different intracellular areas of polarized
113 cells.
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114 e Exosomes may be useful clinically and in translational research by improving the analysis
115 of biomarkers, delivery of therapeutic and preventive drugs, vaccines, gene therapy and
116 as targets to improve immunity.

117  CHARACTERISTICS OF EXOSOMES:

118  Signaling by exosomes and microvesicles is likely to be affected by their morphologic and

119  molecular features. In gaining entrance to the lymphatic-vascular system, smaller nanoparticles
120 are likely to have an advantage because the microvesicles must pass through spaces between
121  endothelial cells via mechanisms which are not adequately defined. Similarly, the molecular
122 characteristics of the external surfaces of exosomes may affect this passage and some

123  exosomes are taken up by endothelial cells and influence “secondary exosomes” released from

124  endothelial cells.

125  Subgroup of Microvesicles: Exosomes typically can be collected from blood via a series of steps
126  of centrifugation to remove larger cellular debris and sometimes by filtration through a 100-220
127  nm filter to exclude larger microvesicles including apoptotic blebs. Subsequently, exosomes are
128  pelleted by ultra-centrifugation at about 100,000 g for 60 minutes, washed and suspended by
129  ultracentrifugation in a sucrose gradient. After these steps, exosomes isolated from blood

130 typically are described via electron microscopy as spherical to cup-shaped, bi-layered,

131  membrane bound nanovesicles ranging in size from 30 to 100 nm in greatest dimension and by
132  Western blotting of the exosomal preparations as demonstrating the presence of multiple

133 molecular features, including specific tetraspanins (1-12).
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134  When the “usual” steps are not taken during isolation of exosomes, the nanoparticles

135 presented in preparations frequently are described as “microvesicles”, exosome-like particles,
136  microparticles or sometimes oncosomes if the microvesicles transmit oncogenic properties to
137  target cells. Currently, there is confusion because results based on “microvesicles” are

138 sometimes reported as from “exosomes” and vice versa. Both the sources of microvesicles and
139 theirisolation affect their characteristics; a 220 nm filter or smaller will limit the sizes of

140 | microvesicles, sucrose gradient separations will affect sizes via their density and wilkmay

141  remove molecules absorbed on exosomes.

142 I specific microvesicles are involved in intercellular communication, is it important to classify
143  microvesicles based on their sizes and shapes? The effects of size-shape characteristics have
144  not been described adequately, but size, shape and surface characteristics may affect how
145 ’ exosomes gain access to bodily fluids and deliver signals to the-specific cells with which they

146  interact (12).

147 ’ Molecules phenotypically expressed on the external surface of microvesicles separate

148  nanovesicles originating from multivesicular bodies (MVB) from those arising from budding
149  from cellular membranes, and hence, define different subgroups of microvesicles that may
150 have different morphological and molecular characteristics, different sources and perhaps,
151  different functions. Those markers identified by western blotting may not be present on all
152  microvesicles and may not be associated with the microvesicles producing specific functional

153  characteristics.

154
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155  Thus, the sizes, shapes and surface molecules of microvesicles may affect their concentration in
156  blood (12). Microvesicles isolated from fluids other than blood may have different

157  morphological features; microvesicles isolated from semen are described as being up to 500
158 mm in size and containing intra-vesicular structures, from spent culture media as biphasic in
159  size (200-400 nm and 600 to 1000 nm), and from saliva as doughnuts with a height to width
160 ratio of 0.04 (23-25). Exosomes isolated from ascites are described as being similar to exosomes

161 isolated from matching blood (26).

162  The release of exosomes from normal and diseased (i.e., non-neoplastic) cells is affected by
163  multiple factors including calcium, calcium ionophores, PI3 kinase (PI3K), heat, ischemia,
164  cellular stresses, pH, phorbol esters, and loss of cellular attachment (13,27-33). Hypoxia

165 increases specific exosomes which, in turn, may stimulate angiogenesis (13). As would be
166  expected, factors that affect the formation of MVBs, from which exosomes specifically arise,
167  affect the secretion of exosomes, so exosomes are decreased by inhibitors of PI3K

168  (wortmannin).

169  Multiple molecular factors control exosomes including the small GTPases (Rab) and p53 via

170  TSAP6 (34-36).The complex of syndecan 1-syntenin and ALIX affects the intraluminal budding of
171 exosomal membranes and together with endosomal sorting complex responsible for transport
172 (ESCRT-III), these molecules cleave the membrane buds. This complex may also be involved in
173  growth factor transport (37,38) and may be related to control in exosomes of selective protein
174  sorting by ceramide (39). In addition, heparanase, which may aid in the formation of the

175  syndecan-1-syntenin-ALIX complex, also stimulates the secretion of classic exosomes (40).

10
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176  Although these molecular features affect the secretion of exosomes, our knowledge of the
177  overall process is rudimentary. This same pathway may also be utilized by specific viruses in

178  their release from cells (33,36).

179  Kinetics of Exosomes: The kinetics of release of exosomes is relatively rapid. After loading of
180  MCF-7 cells with doxorubicin, exosomes containing doxorubicin were present at cellular

181 membranes within 3 hours (23). Similarly, after stimulation of mast cells with alloantigens,

182  exosomes were released within 30 minutes (41). The internalization of exosomes by target cells
183  also is a rapid, active process; one-third of dendritic cells (DCs) imported exosomes at 37°C

184  within 2 hours. Internalization requires metabolic energy and is decreased by EDTA,

185  cytochalasin D, and incubation of the target cells at 4°C (31,41,42).

186  Molecular Characteristics of Exosomes: Exosomes are defined by specific molecular features

187 | including the phenotypic expression of specific surface molecules. The commonly used

188 molecular markers of exosomes are the surface tetraspanins, CD9, CD63, CD81, CD82 and

189  CD151 and other molecules including ICAM-1, a3 (CD51, CD61), integrin, ALIX, externalized
190 phosphatidylserine, milk fat globule-E8/lactoferrin (MFG-E8), CD80, CD86, CD96, Rab-5b and
191  MHCclass | and MHC class Il complexes (7-9,31,32,41-46). Tetraspanins may form a net

192  incorporating different tetraspanins and neighboring molecules and this net may be

193  incorporated in multivesicular bodies (MVBs) and into exosomes (47). Exosomes/microvesicles
194  may vary with their origin; the transferrin receptor is in exosomes from reticulocytes and CD11a
195 and CD54 in exosomes from hematopoietic cells. Exosomes from tumors may express molecular

196 features of the tumor type (e.g., melanin A from melanomas [5,10-12,17-19,31,33,46,47]).

11
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197 | Recent studies using colorectal cells have suggested that when cells are polarized in 3-D

198  cultures, two subtypes of exosomes are secreted from different intracellular locations.

199  Specifically, approaches were used via which larger microvesicles are excluded from

200 preparations, i.e., filtration through a 100 nm filter and concentration of the specimen through
201 a5 kD molecular weight limit membrane. Exosomes were then separated from this preparation
202 by immunoaffinity based on a colonic epithelial cell type specific molecule, A33, followed by
203  immunoaffinity separation based on Ep-CAM. The two types of exosomes that were identified
204  had slightly over 50% of proteins in common; however, there were about 20% different

205  proteins in the A33 cell specific fraction and about 25% different proteins in the Ep-CAM

206  fraction. The Ep-CAM fraction seemed to be primarily enriched in apical proteins, e.g., CD44
207  and tetraspanins, while the A33 fraction was enriched in basolateral proteins including clathrin
208 and MHC class | molecules. This observation, if independently confirmed in other cell types,
209  will greatly expand our understanding of exosomes. Similarly, it is likely that there are other
210 | subtypes of exosomes, e.g., an exosomes-population involved specifically in cellular waste

211  management.

212

213  Inthat exosomes not only act in intercellular communication, but also in exporting waste and
214  less unneeded products from cells (48,49), exosomes containing waste products are likely to
215  have surface molecules which instruct phagocytes to remove them (48). For example, the

216  phenotypic surface expression of galectin-5 has been proposed as being important in the

217 | removal of reticulocyte exosomes by macrophages {———(50). Other signals may be analogous

218  to those by which apoptotic cells are phagocytosed.
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The release of exosomes from normal and diseased cells provides signals to other cells via their
contents which include a wide range of functional molecules including hundreds of different
proteins, MRNAs, microRNAs and lipids (16,25,51-55). When mRNA contained in murine
exosomes from mast cells reacted with human mast cells, murine proteins were produced in

the human cells (524).

Although microRNAs are a relatively new area of investigation, their impact on human diseases
has been demonstrated to be important (56,57—). Thus, the observations that exosomes from
multiple types of tumors contain microRNAs is beth-noteworthy butard controversial, in that
some reports indicate that most circulating microRNAs are outside exosomes. Of interest, the

controversy is not whether exosomes contain microRNAs, but rather the proportion of

circulating microRNAs that are within exosomes (58,59). It would likely be advantageous for all

circulating RNAs to be within exosomes. Exosomes are a vehicle that not only can protect RNAs,

but potentially can deliver RNAs to specific target cells_in which microRNAs may modulate

MRNAs (56). Thus, the exosome is likely to be both a typical chaperone for some microRNAs as

well as their other molecular contents as well as a specific delivery pathway. As previously

indicated, exosomes are invisible unless they are specifically looked-for. To support the concept
of invisibility, a study challenging the reports indicating that most circulating microRNAs are

outside exosomes reported that most circulating microRNAs from serum and saliva are

contained in-within exosomes (60—). Fhe-controversyis-not-whethermicroRNAscontain
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studies have used serum and plasma from normal patients; tFhis issue may be more important

in relatedteexosomes released from tumors from which exosomes are released than to

exosomes released from non-neoplastic cells. Tumor cells have a high rate of cellular death and
when the cells of tumors die, their surviving contents, including RNA, including microRNAs’s-
argonaute 2A cojmplexes would be dumped into the interstitial space and can be picked up by
the lymphatic-vascular system-{—}. Thus, depending upon the rate of death of the malignant
cells of specific tumors, it would not be surprising to find microRNA both inside and outside
exosomes, especially if complexed with argonaute 2Ag. Similarly, as discussed, the method of
isolation of exosomes may strongly impact the RNAs in tumor-derived exosomes. Specifically, a
proportion of exosomes may be destroyed on isolation, releasing their contents into solution
(58). The resolution of the question of whether circulation microRNAs are primarily within or
outside exosomes will obviously require much more study. The issue may well relate to
function_in that-As-suggested; microRNAs contained in exosomes may be more biologically

active with respect to specific uptake by targeted cells.

Exosomes separated from saliva can affect proteins in oral keratinocytes of humans (25); thus,
not only do exosomes act as an endocrine system, but also provide autocrine, paracrine and
other signals to target cells. For example, microvesicles can be exchanged among touching cells
using tunneling nanotube networks (54;55,61). Although molecules in exosomes can provide
molecular signals to modulate target cells, how target cells accept or reject the hundreds of

different molecules contained in microvesicles that could provide different signals is not

14
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261  understood. More is known about the molecular signals that are accepted by target cells than

262  those that are ignored.

263

264  How exosomes from different cells target specific cells also is yet to be clarified; however, there
265  must be selective interactions of exosomes with target cells, probably via interactions with

266  molecules on the external surface of exosomes with interacting surface molecules on target
267  cells. Exosomes bind to the breast carcinoma cell line, BT-549, via annexins A2 and A6 and the
268 | molecules of lipid rafts (32,6256). The active uptake of exosomes by DCs can be only partially
269  blocked by monoclonal antibodies to surface molecules including CD9, CD11a, CD54, CD81 and
270  avBsintegrin. Each monoclonal antibody blocked internalization of exosomes by only about
271 30% of control values, but monoclonal antibody to MFG-E8, a surface molecule that potentiates
272  uptake of apoptotic cells by macrophages, stimulated the uptake of exosomes by about 30%
273  (42). How combinations of surface signals potentiate uptake of exosomes remains to be

274  clarified. Of interest, tetraspanins are involved in the fusion of HIV-1 with T cells and facilitate
275  uptake of HIV-1 by dendritic cells and macrophages; thus understanding the cellular uptake of
276  exosomes might be increased by a better characterization of how cells are infected with viral

277 | particles and apoptotic cells are phagocytosized by macrophages (47,635%).

278 | How do cells decide which molecules to package into exosomes? Waste or less needed
279  molecules could be packaged into one type of vesicle, but signal molecules into different
280  microvesicles. Alternatively, if both types of molecules are packaged into the same

281 microvesicles, are the wastewaste -molecules destined for degradation medified-molecutarly
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via molecular modification (e.g., ubiquinated) so that they are ignored by the target cells. The

JAB1/CSN5, a component of COP9, seems to play a role in the sorting of proteins that are
ubiquitinated into exosomes and this might be a step in processing of waste molecules
(64,6558;59). Other waste molecules may be sorted via the ESCRT-0,-I and —Il pathways. The
tetrapanins, especially CD81, complex with some viral particles, e.g., hepatitis C (HCV), to
promote their incorporation into exosomes (635%#); however, viral particles are much more

complex than single molecules. Also, ceramide and heparanase seem to pay a role in

transferring potential signal molecules into exosomes (39,40). - {

A

Functions of Exosomes in Normal Physiology: Exosomes have been isolated from most normal
biological fluids including bronchoalveolar fluid, cerebrospinal fluid, blood, urine, saliva, breast
milk, amniotic fluids, semen and synovial fluid as well as diseased fluids including ascites and
pleural effusions. (24-26,51,66-698;68-62). Thus, exosomes are likely to play important roles in
normal physiology as well as in diseases. Most roles in normal physiology have not been well

characterized except with regard to the functions of exosomes in the immune system.

The Actions of Exosomes in the Normal Immune System: Exosomes play important roles in the
intercellular communication among normal immune cells, but communication may typically be
dysregulated in disease processes. Most immune cells have been reported to secrete
exosomes. During their normal functions, mast cells, dendritic cells (DCs), immature antigen

presenting cells (imAPCs) macrophages, T and B lymphocytes and NK cells use exosomes to

communicate (reviewed in 10-12).
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An excellent example of how exosomes affect the immune system is their involvement in

’ maternal fetal tolerance (63-6770-76). To protect the fetus, the placenta releases exosomes,
some of which phenotypically express Fas ligand (FasL), an immunosuppressive as well as an

’ anti-inflammatory molecule (68-2877-79). In addition, syncytiotrophoblasts secrete exosomes
which express ULBP1 to 5 which are ligands to the NKG2D receptor expressed on y6T, NK and
CD8+ T cells. During pregnancy, an interaction of the NKG2D receptor with its ligands decreases

the functions of immune cells (6572) as well as the microRNA cluster “chromosome 19

microRNA cluster (C19MC)” which suppresses immunity and facilitates the growth of some

tumors (75,76). Thus, exosomes are involved in the decreased immunity that is necessary for

successful pregnancies.

Exosomes are an important feature in the processing of antigens by antigen presenting cells
(APCs). Dendritic cells (DCs) can utilize exosomes in the presentation of processed antigens to
NK cells and T lymphocytes. In this process, stimulating antigens or antigen-peptides are
combined in MHC class Il complexes present on the surfaces of some exosomes and these MHC
class Il antigen complexes then stimulate immune cells. The presentation of antigen/peptides

‘ by exosomes is much more efficient than if exosomes are not involved (73-7480-83). At least
two different subpopulations of DCs are required for optimal stimulation of T cells by
exosomes. DCs carrying an MHC class Il antigen complex secrete exosomes which carry the

‘ complex; t—Fhese exosomes can be taken up by CD8 a, CD80", and CD86" DCs which can then
process the exosomes so that an exosome-HLA class Il antigen-peptide complex can be

presented by DCs to immune cells such as CD4" T cells. The activation of CD4" T cells can be
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amplified via transferring the HLA class Il antigen-peptide complex to multiple DCs independent

of their expression of HLA class Il complexes (#4,7280,81).

CD8a" DCs control peripheral immune tolerance via modulation of the responses of CD4" T cells
to alloantigens (42). Processing of exosomes by mature DCs is required for stimulation of MHC
class | restricted CD8" T cell responses. Adjuvant molecules such as ligands for Toll-like
receptors 3 and 9 aid in this stimulation (Z483). In addition, mature B cells may be required for

optimally stimulating T cells by exosomes released by DCs (84)75}.

Other effects of exosomes on immune cells have been reported; specifically mast cells secrete
exosomes that activate B and T lymphocytes and DCs. Exosomes released in vivo from murine
mast cells facilitated the maturation of DCs and increased the ability of DCs to present antigens
to T lymphocytes. The heat shock proteins, HSP60 and HSP70, from exosomes have been
reported to be very important for the presentation of antigens by dendritic cells (41). Exosome-
like particles isolated from the spleen can modify CD4*, CD25 T cells and convert them into
CD4*, CD25", Foxp3' T regulatory cells (Tregs). Tregs act to inhibit autoreactive T cells and thus,
suppress dysregulated immune responses and minimize autoimmunity (8576). Exosomes also
are sometimes involved in dysregulation of normal immunity and affect autoimmunity (72786).
Depending upon the source cells and their molecular content, exosomes may suppress or
atypically stimulate pathways of the immune system suggesting an involvement of exosomes in
autoimmunity.- Exosomes from synovial fibroblasts collected from patients with rheumatoid
arthritis, but not osteoarthritis contain a membrane form of TNFa which potentiates the

signaling of NF-kB and suppresses apoptosis of activated T cells. This may increase the severity

18
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344 | of rheumatoid arthritis (87)HG-Zhang}. Alternatively, exosomes from genetically modified

345  immunosuppressive immune dendritic cells (e.g., bone marrow derived dendritic cells (BMDCs)
346  can reduce autoimmunity. BMD(s) expressing interleukin 10 (IC-10) or exposed to IL-10 release
347  exosomes that inhibit both the inflammation and arthritis caused by injections of collagen into
348 | mice (kim-etak)88). Similarly, when BMDCs are modified to express TGF-B1, the development
349  of inflammatory bowel disease in mice secondary to dextran sodium sulfate is inhibited by

350 | exosomes from the TGF-B1 genetically modified BMDCs (89€ai).

351 | Normal functions of exosomes in the export of waste products, uanecessary-less needed

352  molecules and harmful molecules: Cells use exosomes to export waste products, molecules no
353  longer as useful as cells differentiate and molecules such as drugs that may be harmful to cells.
354  This pathway can eliminate proteins without signal sequences and permit their secretion.

355 Exosomes are especially important during cellular differentiation when large amounts of

356  molecules must be removed from differentiating cells in order to optimize their more

357 differentiated functions, e.g., metabolic active hematopoietic precursor cells which

358 differentiate to anucleate relatively inactive red blood cells containing primarily hemoglobin

359 | (5048).

360 Exosomes and neoplasia: Exosomes are secreted by most types of cells including those of
361 neoplastic lesions. The microvesicles released from probably all malignant cells are designated
362  astumor derived (TD). TD-microvesicles have been studied primarily in bodily fluids (e.g.,

363 blood) and media from cultured cells.

19
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364  Exosomes/microvesicles in bodily fluids are complex as is the molecular composition of bodily
365  fluids because both microvesicles and free molecules in bodily fluids are from normal and

366 diseased cells. Similarly, as noted previously, exosomes and microvesicles as well as their

367 contents and effects are invisible unless analyzed as a separate component of fluids. Thus,

368 measurements of the molecular contents of TD-exosomes potentially should be just as sensitive
369  and specific for clinical uses and in translational research as measurements of the same

370  molecules external to exosomes. TD-exosomes/microvesicles mirror the molecular features of
371  the source neoplastic lesions. For example, TD-exosomes in blood from patients with

372 glioblastoma multiforme and high grade gliomas contain neural markers, e.g., LI-NCAM/CD171

373 | (#8-8488-91) and exosomes from melanomas that express molecules involved in melamine

374 | synthesis and other melanoma markers (e.g., Melan A/Mart 1 (5,46,94).

375  Exosomes decrease the immune surveillance of tumors: Via its normal functions, the immune
376  system should minimize the development and progression of cancers; however, malignant

377 lesions have been found to inhibit immune surveillance resulting in their more rapid growth,
378 | progression and dissemination (10-12,82-8895-101). Specifically, tumors have increased growth
379 | invivo after injection of exosomes isolated from matching neoplastic lesions (9582). Exosomes
380 ultimately were found to inhibit immunity by several mechanisms including increases in

381 suppressive immune cells, decreases in the proliferation and cytotoxicity of NK and T cells and
382 | decreases in the number and functions of APCs (reviewed in 10-12). Thus, the decrease in

383  immunity caused by neoplastic lesions is primarily mediated by exosomes released from tumors

384 | (82-8995-103).

20
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385  The intercellular signals provided by TD-exosomes to the immune system probably vary with
386  different types of cancers. Oral and ovarian epithelial neoplastic lesions secrete

387  exosomes/microvesicles that contain Fas ligand (FasL), Trail or related molecules (e.g., TNFa)
388 | which can cause apoptosis of activated T lymphocytes via suppression of CD3Z and Jak-3 (68-
389 | 70,8477-79,97); however, some TD-exosomes which increase the growth of their source tumors
390 do not contain Trail nor Fas ligand, but interact with NK cells to decrease the secretion of

391 | perforin, inhibit Jak-3 and decrease cyclin D3 (9582). Thus, TD-exosomes are likely to decrease
392 | immunity via several mechanisms. For example, exosomes containing TGFB1 may decrease the

393 | expression of the NKG2D reeepterreceptor via in part, microRNA-1245, and reduce the

394 | activation of NK and CD8'T cells (8598,99).

395 TD-exosomes also decrease immunity by decreasing the numbers and/or activity of APCs

396 including dendritic cells. Signals from TD-exosomes increase the phosphorylation of Stat 3 and
397  the expression of IL-6 in DCs decreasing the activity of DCs and the numbers of APCs via

398 | inhibiting the differentiation of CD14" monocytes into mature APCs (10088). In addition, CD14"
399 cells shift to immunosuppressive CD14* HLA-DR”" cells which release TGFB to inhibit T cells

400 | (101,10286;87).

401 TD-exosomes increase myeloid-derived suppressor cells (MDSCs). In humans, the numbers of
402  MDSCs in neoplastic lesions are correlated with the neoplastic progression and decreased
403  patient survival, probably via inhibiting NK cells and CD4" and CD8" lymphocytes by MDSCs
404 | (103-10594). MDSCs (CD11b*, Gr-1*) are increased in neoplastic lesions, spleens and blood of

405 mice with transplanted syngenic tumors and they are decreased in the blood and spleens of
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mice by removal of transplanted tumors (98104). Exosomes increase MDSCs via TGFB which
increases prostaglandin E2 (92106). TD-exosomes also increase MDSCs via MyD88, but effects
of TLR pathways on MDSCs should be considered carefully because of potential phenotypic

changes in cells induced by long term cultures (9-11,93,94107,108). In addition to the actions

of exosomes, release of cellular soluble mediators such as GM-CSF from neoplastic cells also

may increase MDSCs.

Another immune suppressive cellular population that is increased by exosomes is T regulatory
cells (Treg). TD-exosomes can induce the differentiation of CD4", CD25" T cells to CD4", CD257,

Foxp3* Tregs via the phosphorylation of both Stat 3 and SMAD2/3 (10095).

Figure 1 summarizes how neoplastic lesions can partially avoid immune surveillance by
secreting TD-exosomes which inhibit the activity of T and NK cells, by decreasing APCs, and by
increasing cells which suppress immune surveillance such as Tregs, MDSCs, and CD14*-HLA-DR’

|
flow calls.

and dissemination of malignant tumors depends upon a balance of cellular proliferation and
cellular death (e.g., apoptosis, autophagy). TD-microvesicles can provide autocrine, paracrine,
endocrine and other signals which can generate fertile environments to support malignant

lesions and hence stimulate their growth, progression, and metastasis (Figure 2) (13-22).

An important pathway by which TD-exosomes modulate the local environment of cancers are
those which stimulate angiogenesis and hence, increase the supply of oxygen and nutrients to

the growing tumor (13,16-18,1,22,78-8190-93). Specifically, exosomes secreted by melanomas
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427  are reported to facilitate the formation of spheroids by endothelial cells as well as budding of
428  these spheroids. Also, cytokines, including TGFB and VEGF, which stimulate angiogenesis are
429  contained in exosomes secreted from malignant cells in hypoxic and similar environments

430  (13,16). Similarly, the blood from patients with glioblastomas as well as from the media of their
431  short term cultures have been reported to contain microvesicles with the pro-angiogenic

432  proteins, angiogenin, VEGF, IL-6 and IL-8. The microvesicles were enriched in angiogenic

433  proteins compared to the source glioblastomas and these microvesicles stimulated increases in
434 | the length of endothelial tubes similarly to angiogenic proteins (#8-8190-93). Also, upon

435  exposure to hypoxia, A431 cells secrete exosomes that contain molecules which stimulate

436  angiogenesis and facilitate metastasis (13).

437  TD-exosomes may modulate the local growth of neoplastic lesions via autocrine signals

438  provided via exosomes. Autocrine effects of exosomes have been reported to vary with cellular
439  characteristics as well as cell type. For example, exosomes from pancreatic cancers increased
440  apoptosis via the Notch Pathway if the cell lines were well differentiated, but not if the cell lines
441  were poorly differentiated; thus, exosomal autocrine signals might inhibit the growth via

442 ‘ stimulating apoptosis of some pancreatic neoplastic lesions, but not others (96,97110,111).
443  Alternatively, autocrine signals mediated by exosomes from the BT-474 breast cancer cell line,
444 ’ gastric cancer cell lines, and glioma cells increased cellular proliferation (2,90,11298). The

445  mechanism of the increased proliferation of the gastric cancer cell lines was thought to be via
446  increased phosphorylation of Akt and ERK which with other downstream molecules are

447  associated with cellular proliferation. Growth of the glioblastoma cell line, U87, was increased

448  via exosomes derived from primary glioblastomas; while this growth was assumed to be
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449 | secondary to increased proliferation, decreased apoptosis was not excluded (9078). Of note,
450  survivin as well as heat shock proteins, HSP70 and HSP90, may be increased in exosomes in
451  association with cellular stresses. These proteins may inhibit apoptosis as well as increase
452  cellular proliferation and invasion so they provide a strong stimulus to the microenvironment

453 | that can facilitate the growth and dissemination of primary tumors (31,99113).

454  In addition to exosomes, microvesicles of other types may be secreted by neoplastic cells into
455  the local microenvironment of primary tumors. Specifically, PC-3, a prostatic cancer cell line,
456 | releaseds microvesicles distinct from exosomes which stimulated fibroblasts—FeHewingthis

457 | stimutatien; and the fibroblasts responded by an increased release of microvesicles that

458  stimulated PC-3 cells to migrate and invade. This paracrine loop associated with the CX3CL1 and
459  CX3CR1 was not observed in LNCaP cells which are not as aggressive as PC-3 cells (14). The

460  variable responses of PC-3 and LNCaP cells to microvesicles from fibroblasts might be due to
461  different molecular features within or on exosomal surfaces such as the binding complex, type
462  lll receptor betaglycan and its associated ligand TGF-B which are expressed strongly in PC-3

463  cells, but not on or in LNCaP cells (15).

464  TD-exosomes can induce changes in fibroblasts indicative of a transition to myofibroblasts.
465  Fibroblasts/myofibroblasts then may modulate the microenvironment (e.g. degradation of the
466  extracellular matrix and increased production of pericellular hyaluronic acid) to facilitate the
467 invasion of neoplastic cells. Also, fibroblasts/myofibroblasts may aid in the induction of

468  epithelial mesenchymal transitions (EMT) of malignant cells (15). Thus, TD-exosomes typically
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increase the growth and progression of primary neoplastic lesions via the induction of

phenotypic changes that facilitate more aggressive cellular characteristics.

Exosomes can provide an efficient and specific transfer of molecular signals between cells. If
these signals induce oncogenic changes in the cellular phenotype, TD-microvesicles are
sometimes referred to as “oncosomes”. A variant of the epidermal growth factor receptor,
EGFRuvIIl, has oncogenic features via unregulated stimulation of the Akt/MAPK pathway which,
for example, increases VEGF. Microvesicles from xenografts of glioblastomas have been
reported to transfer EGFRvIII to glioma cells lacking this phenotypic feature. Because the
EGFRVIII expression remained stable in malignant cells to which EGFRvIII had been transferred,
such transfer of oncogenic features could be a mechanism via which oncogenic features can
horizontally spread among cells. In response to continuing exposure to exosomes, endothelial
cells also transiently developed an EGFRvIII expressing phenotype resulting in increased growth
and hence, probably increased angiogenesis. The phenotypic features of endothelial cells
associated with increased levels of EGFRvIII were not stable and ended when the exposure to

the TD-exosomes containing EGFRvIII ceased (79-8490-93).

Induction of an oncogenic phenotype via larger TD-microvesicles isolated from the MDA-MB-
231 breast cancer cell line and the U87 glioma cell line also has been reported. Microvesicles
released from these cell lines contained both tissue transglutaminase (tTG) and fibronectin, a
tTG substrate. These microvesicles caused NIH/3T3 fibroblast and benign breast epithelial cells,
MCF10A, to develop some aspects of malignant behavior such as anchorage - independent

growth in agar and growth in medium with low concentrations of serum. Maintenance of these

25



490

491

492

493

494

495

496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

| 8/19/2013 11:43 AM8/42/20131:38 M

features of malignant behavior in non-malignant cells also required continuous exposure to TD-
microvesicles (114,11500,101). Local effects of exosomes on primary neoplastic lesions are

demonstrated in Figure 2.

xosomes facilitate metastases: How and where tumors metastasize are affected by multiple - {

A

molecular features including functioning genes in primary tumors which stimulate or inhibit

metastases (11602). TD-exosomes from primary tumors promote the metastatic spread of

tumors by inducing features at potential metastatic sites which attract neoplastic cells and build
a matrix for their attachment, aid neoplastic cells at the metastatic site to survive, stimulate
angiogenesis and suppress immunity (19-22). Thus, there is likely a role of exosomes in the
release of their chemotactic contents or the stimulation of non-neoplastic cells to release

chemotactic molecules in attraction of malignant cells to potential sites of metastasis.

TD-exosomes not only induce molecular features that cause malignant cells to leave the
primary tumor, and via chemotaxis facilitate the migration of neoplastic cells to sentinel lymph
nodes where exosomes establish a supportive environment that promotes metastases.
Specifically, exosomes from melanomas stimulate the production of a,B3 integrin, ephrin
receptor B4, and stabilin 1 which act to recruit melanoma cells to the ipsilateral sentinel lymph
node. Exosomes from melanomas also induce the production of collagen 18, laminin 5, MAP
kinase (p38) and urokinase plasminogen activator protease which aid in the production of the
matrix necessary to support the growth of metastatic cells. In addition, exosomes also increase
nodal metastases by inducing angiogenesis via inducing the expression of vascular endothelial

growth factor B (VEGFB), TNFa, and hypoxia inducible factor 1a (19); similarly, exosomes affect
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511 the programic development of some bone marrow derived cells (BMDC) via upregulation of
512  MET to produce a “pro-vasculogenic phenotype” which facilitates angiogenesis and metastasis
513  (21,22). Figure 3 demonstrates some of the features that facilitate metastases to ipsilateral

514  lymph nodes.

515 TD-exosomes may interact with soluble factors from tumors to facilitate metastases. For

516 example, when the conditioned media from cultures of cells of a syngenic pancreatic tumor
517 model was separated into exosomal and soluble components, exosomes were more effective
518 than the soluble factors in increasing metastases to lymph nodes and/or lung; however, the
519 combined soluble and exosomal fractions were more effective in increasing metastases (20).
520 The facilitation of metastases by exosomes was greatly decreased when there was knockdown
521  of CD44 splice variants, especially CD44v6 on which production of matrix depends. This matrix
522 which supports the attachment and growth of metastatic cells contained c-Met and urokinase-
523  type plasminogen activator receptor (20) which have been reported to increase metastases

524 (21,22).

525  Much of the work on how exosomes affect metastases is based on the responses of melanomas
526  to TD-exosomes/microvesicles from cell lines grown in vitro in standard 2D cultures. There
527 needs to be increased characterization of the effects of exosomes in vivo in providing autocrine,
528 paracrine and endocrine signals that modulate the growth, progression and metastases of

529  tumors other than melanomas.

530 | TD-Exosomes increase the resistance of tumors to therapiesXOSOMESINCREASETHE

531 | RESISTANCEOFTUMORSTO-THERARIES: Exosomes aig-normally function in the export of
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532 | waste products and less needed urneeded-molecules from cells as well as many harmful

533 | products such as exogenous moleculesehemeotherapeuticand-otherdrugs (4,23,49). In cancers,

534 | exosomes also function to export chemotherapeutic drugs such as c€is-platinum and

535 | doxorubicin; are-experted-by-Fb-exesomes-and-thus, TD-exosomes are utilized as a pathway of

536 | chemoresistance of specific malignant cells to specific drugs. All drugs are not exported from

537 | cells. For example, centrast; TD-exosomes do not export 5-fluorouracil efficiently. When

538 factors associated with the shedding of exosomes were combined into a “vesicle shedding
539 index”, the vesicle shedding index of the “NCI 60-cell-line panel” was found to be positively
540 correlated with 50% growth inhibition (Glsg) for most of the 171 compounds of the NCI

541  “Standard Anticancer Agent Database”. Also, the actual shedding rate of microvesicles from 6
542  cell lines correlated positively with doxorubicin resistance; however, there was no correlation

543  of vesicle shedding with chemoresistance to 5-fluorouracil (23).

544  The secretion of drugs in exosomes such as doxorubicin may involve vacuolar protein sorting 4a
545  (VPS4a) which is important in secretion of exosomes. Specifically, disruption of VP54a in the
546 | erythroleukemic cell line, K562, inhibited the efflux of doxorubicin (115383). Thus, exosomes
547  are likely to be a major factor in the chemoresistance of malignant cells to a variety, but not all,

548 chemotherapeutic drugs.

549  THE POTENTIAL CLINICAL IMPACT OF EXOSOMES:

550 The molecular features of TD-exosomes mirror many of the molecular features of the tumors
551  from which they arise. TD-exosomes have been reported to contain biomarkers characteristic

552  of tumors including those of the bladder, brain, colorectum, kidney and melanomas so the
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553  presence of biomarkers characteristic of tumors in exosomes of biological fluids may aid in
554 | clinical decisions and in translational research on biomarkers; thus-Fhus, TD-exosomes may be
555 | important intranslationalresearch-and/or in clinical decisions including risk assessment, early
556  detection, and diagnosis as well as in the prediction of therapeutic efficacy, in determining
557  prognosis, and as surrogate endpoints in evaluating chemotherapeutic, preventive, and novel
558 therapies. Of special importance in translational research is that exosomes are carried in blood
559 and are shed into biological fluids such as ascites and pleural fluids, all of which can be obtained
560 easily for clinical use. As discussed, the measurements of biomarkers in exosomes from bodily
561 fluids are likely to be just as sensitive and specific as measurements of the same biomarkers in
562  the matching bodily fluids. When specific biomarkers or biomarker panels (signatures) are

563 more concentrated in exosomes, their measurements in the exosomal fraction may be more
564 | effective in solving clinical problems than their measurements in matching bodily fluids (90-
565 | 9378-8%1). However, because exosomes and microvesicles and their contents are essentially

566 invisible, use of the exosomes/microvesicles in translational research is in its infancy.

567 A biomarker of ovarian epithelial tumors, Claudin 4, has been found to be increased in

568 | exosomes separated from the blood of patients with ovarian carcinoma (118164) and

569 TMPRSS2-ERG, 6-catenin, and PCA-3 which are potential biomarkers for cancers of the prostate,
570 have been measured in TD-exosomes isolated from the urines of prostate cancer patients

571 | (11965). Similarly, microRNAs may aid in the early diagnosis of cancers of the lung via their

572 | measurement in TD-exosomes (12006). Biomarkers measured in exosomes also may be useful

573  in measuring responses to therapy.
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574  Some TD-exosomes that contain increased concentrations of specific tumor antigens could be
575  used to stimulate DCs to secrete exosomes that initiate cytotoxic T-lymphocytic responses (5,6).
576  The generation of exosomes by DCs in vitro would be an approach that could avoid the negative
577  effects (e.g., reduction of immunity) of using TD-exosomes in vivo. To date, the clinical results of
578  using exosomes in cancer therapy have been modest, but there have been few major side

579  effects (10-12).

580 Because of the suppression of immune surveillance by TD-exosomes, TD-exosomes could be
581 targeted to reduce the suppression of immunity in patients with cancers. Strategies have been
582  proposed to increase immune reactions to cancer by reducing the transfer to TD-exosomes of
583  molecules that suppress the immune system. Alternatively, molecules which may stimulate

584  immune cells might be introduced into TD-exosomes. Similarly, the function of TD-exosomes in
585  cellular export of drugs could be targeted to increase the effectiveness of many drugs by

586 reducing the release of TD-exosomes via changing local pH or targeting the pathways involving
587 | TD-exosomes such as the VSP4a signaling pathway (10-12,3403,407117,121). TD-exosomes also
588 could be decreased in blood using a “hemopurifier” that selectively removes TD-exosomes from

589  blood by immobilized antibodies that bind to the surface molecules of TD-exosomes.

590 Because TD-exosomes can be taken up specifically by neoplastic cells, they could deliver drugs,
591 | preventive agents, small molecules_(e.g., microRNAs), and agents of gene therapy to the cells of
592 | specific tumors_(122-126). Curcumin is a natural product with anti-tumor and anti-inflammatory
593 features. Whose bioavailability and therapeutic efficacy is limited due to poor solubility. Its

594  clinical usefulness is improved by the incorporation of curcumin into exosomes which were
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much more effective than liposomes containing curcumin in preventing septic shock in a

murine model ($88-110122-125). Fhis-demonstrateshowBoth drugs and microRNAs could be

targeted-delivered specifically by exosomes to neoplastic cells (333125,126)

The clinical uses of microvesicles are being studied by commercial as well as academic
organizations as vehicles to deliver chemotherapy, small molecules, agents of gene therapy
and/or prevention to target cells more specifically than systemic administration.

Thus, multiple approaches to the selective delivery of therapeutic and preventive agents via

biological microvesicles are in active development.

Summary:

Exosomes and related microvesicles comprise a newly identified method of local and distant
intercellular communication. Tumors have hijacked this mechanism of intercellular
communication to aid in their growth, progression and dissemination. TD-exosomes can act to
produce a fertile environment to support growth at primary sites of neoplastic lesions and
potential sites of metastases. TD-exosomes also may facilitate tumor growth and dissemination
by inhibiting immune surveillance as well as by increasing chemoresistance via removal of
chemotherapeutic drugs. Thus, TD-exosomes might be potential targets for therapeutic
interventions via their modification or removal. Exosomes and related microvesicles also could
serve as specific delivery vehicles to neoplastic lesions of drugs, small molecules or agents of
prevention and gene therapy. In other clinical approaches, TD-exosomes could serve as a sub-
compartment in which biomarkers could be measured to aid in the early detection and

diagnosis of diseases, in determining prognosis, in prediction of therapeutic efficacy and in
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616  determining therapeutic responses. Such approaches would utilize the molecular features of
617 TD-exosomes that are different from exosomes of either associated or diseased controls, or

618 from normal individuals.
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1060 Table 1 —Source of exosomes in a patient with a specific malignant process

Independent of the tumor
e Exosomes from normal cells
e Exosomes from cells whose release is caused by non-neoplastic comorbid
conditions that are independent of the tumor
Dependent on the presence of cancer
e TD-exosomes from malignant cells
e Exosomes from uninvolved cells (e.g., adjacent uninvolved tissue that appears
normal) induced by TD-exosomes
e Exosomes from normal cells induced by exosomes or other molecules form the
cancer (e.g., soluble factors). This includes exosomes released from tumor,
associated stromal cells.
e Exosomes from immune cells affected by the cancer
e Exosomes from the cells of a co-morbid condition caused by the tumor (e.g.,

disseminated intravascular coagulation caused by the cancer)

1061

1062
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1063 Legend — Figure 1

1064

1065 The scheme in Figure 1 summarized some of Figure-1-demenstrates the complex effects
1066 of TD-exosomes on the immune system and how TD-exosomes suppress immune

1067 surveillance by decreasing the proliferation and activation of T and NK cells, decreasing
1068 mature antigen presenting cells and increasing cells such as myeloid derived suppressor
1069 cells and Tregs which suppress immunity. HSP72 — heat shock protein 72; IL-6, IL-10,
1070 interleukins 6 and 10; JAK3 — Janus kinase 3; MyD88-myeloid differentiation primary
1071 response 88; PGE2 — prostaglandin E2; pStat3 — phosphorylated signal transducer and
1072 activator of transcription 3; TGFB — transforming growth factor ; TNF-a — tumor

1073 necrosis factor alpha.

1074

1075 Legend — Figure 2

1076

1077 A scheme indicating the potentialFigure2-demonstrates-the local effecs of TD-exosomes
1078 on cancer cells_is presented in Figure 2. The divisions of boxes represent, for example,
1079 potential different exosomal compartments that interact with the microenvironment of
1080 the tumor. Paracrine networks are represented between fibroblasts, myofibroblasts and
1081 malignant cells.

1082

1083 Legend — Figure 3

1084
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AFigure-3-presentsa model for the effecs of TD-exosomes on metastasis—Fhe-modeHs

based on studies of metastases of melanomas_is shown in Figure 3. Abbreviations are as

follows: HSP72 — heat shock protein 72; IL-6, IL-10, interleukins 6 and 10; JAK3 — Janus
kinase 3; MyD88-myeloid differentiation primary response 88; PGE2 — prostaglandin E2;
pStat3 — phosphorylated signal transducer and activator of transcription 3; TGFp —

transforming growth factor B; TNF-a — tumor necrosis factor alpha.
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Theodore et al 2013
Epigenetic loss of miR-152 in prostate cancer

Abstract

Background: African American (AA) men have almost twice the incidence and death rates related to
prostate cancer compared to Caucasian (CA) men. Some of these differences may be attributed to the
elevated expression of different genes; however, the expression of microRNAs (miRNAS) has not been
widely explored. Therefore the aim of this work is to determine the miRNA expression profile of novel
AA and CA prostate cancer cell lines and correlate with clinical progression of disease.

Results: With a novel panel of AA- and CA-derived cell lines, hierarchical clustering and partial least
squares plots demonstrated a distinct miRNA signature in AA cell lines, independent of tumor status.
Evaluation of the most differentially expressed miRNAs showed that miR-132, miR-367b, miR-410, and
miR-152 were decreased in more aggressive cells and that this expression was reversed after treatment of
the cells with the demethylating agent, 5-aza-2'-deoxycytidine. Bisulfite conversion and sequencing of the
miR-152 promoter showed that it was highly methylated in LNCaP, and PC-3 cells. Ectopic expression of
miR-152 resulted in decreased growth, migration, and invasion. Informatics analysis of a large patient
cohort showed that decreased miR-152 expression correlated with increased metastasis and biochemical
recurrence. In a panel of 39 prostate cancer tissues with matched controls (20 AA and 19 CA), tumors
from 50% of AA patients and 35% of CA patients had statistically significant lower miR-152 expression.
Ectopic expression of miR-152 in both LNCaP and PC-3 cells down-regulated DNA (cytosine-5)-
methyltransferase 1 (DNMT1) through direct binding in the DNMT1 3’UTR. There appeared to be an
inverse relationship, as cells treated with DNMT1 siRNA re-expressed miR-152.

Conclusion:  In summary, these results are the first to identify unique miRNAs that contribute to
aggressive prostate cancers in AA patients. Furthermore epigenetic regulation of the miR-152/DNMT1
regulatory loop may play an import ant role in  multiple events that contribute to the aggressiveness of

PCa tumors.
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Introduction

The most commonly diagnosed type of cancer among men in the US is prostate cancer (PCa),
which accounts for 29% (241,740) of all new cancer cases. Although the number of new cases of PCa has
decreased in recent years, there are still racial and ethnic differences in PCa epidemiology. African-
Americans (AAs) have the world's highest incidence of PCa and more than twofold higher mortality rate
compared with Caucasian Americans (CAs) [1]. Overall, AA patients are younger and have higher
Gleason scores, PSA levels, and incidence of palpable disease [2]. Various factors have been associated
with the more aggressive prostate tumors. For example, differential gene expression in AA patients
contributes to aggressive disease [3-7], and epigenetic mechanisms, such as DNA methylation, result in
the loss of key regulatory genes [8, 9]. This is particularly evident for AA patients where
hypermethylation of genes in normal or pre-malignant areas are thought to predispose to malignancy [10,
11]. However, the underlying mechanism of these acquired methylation patterns is poorly understood.

MicroRNAs (miRNAs) are small RNA molecules consisting of 19-23 nucleotides that regulate
various biological processes. More than 60% of protein-coding genes may be targeted by miRNAs [12],
mainly through translational repression and degradation of target mRNAs. An expanding body of
evidence supports a role for miRNAs in disease progression and the potential for epigenetic mechanisms,
such as DNA methylation, to regulate miRNA expression [13, 14]. Recently, DNA methylation of
proximal CpG islands in miRNA promoters was described as a method for decreased expression in
various cancers, including PCas [15-18]. Although miRNAs are expressed differently in healthy tissues
and cancers [19] and in localized and advanced tumors [20], little is known about racial differences in
miRNA expression. Identification of uniqgue miRNAs and mRNA-associated targets will begin to clarify

the specific events involved in the progression of PCas in AAs.
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To address this question, our laboratory has established non-malignant and malignant cell lines
derived from AA PCas that replicate many of the clinical features of the original PCas [21, 22]. Thus,
utilizing these cell lines and commonly available PCa cell lines, we explored the possibility of race-
related differences in miRNA expression. Herein, we report that AA cell lines have a distinct miRNA
signature, independent of tumor status. Evaluation of the miRNAs most differentially expressed
demonstrated that miR-132, miR-367b, miR-410, and miR-152 were decreased in more aggressive cells
and that this expression was reversed after treatment of the cells with 5-aza-2'-deoxycytidine (5-aza-2’d).
Bisulfite conversion and sequencing of the promoter showed that miR-152 was highly methylated in
LNCaP, DU-145, and PC-3 cells. Ectopic expression of miR-152 resulted in decreased cell proliferation,
migration, and invasion. In a panel of 39 PCa tumors with adjacent matched controls (20 AA and 19 CA)
, 50 % of AA patients and 35% of CA patients demonstrated statistically significant lower miR-152
expression compared to adjacent controls. Ectopic expression of miR-152 down-regulated DNA(cytosine-
5)-methyltransferase 1 (DNMT1) through direct binding in the DNMT1 3’UTR. This appeared to be an
inverse relationship, as cells treated with DNMT1 siRNA re-expressed miR152. Finally, as determined

with a large patient cohort, loss of miR-152 was related to poor clinical outcomes.

Results
miRNA Profile of Panel of AA and CA Cell Lines

To determine the miRNA expression pattern in our panel of AA and CA prostate cell lines, the
expression of 662 miRNAs was analyzed utilizing Asuragen Affymetrix Gene Chips. To validate our
model, cell lines were first grouped by malignancy. Hierarchical clustering and a PLS plot of cell lines
demonstrated distinct expression patterns in the malignant and non-malignant cell lines (Figure 1a), with
21 differentially expressed miRNAs between the groups (Supplemental Table 1 (p<0.00001). Utilizing
racial background as criteria, distinct hierarchical clustering of miRNAs was evident between the AA and
CA cell lines (Figure 1c), regardless of malignancy status. A PLS plot reflected this pattern, with distinct
variations in the racial profiles of the AA and CA cell lines (Figure 1d). In this variation, there were 47
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miRNAs differentially expressed by race (Supplemental Table 2). The 11 most significant race related
miRNAs (p<0.00001) are listed in Table 1. To confirm these race related miRNAs, we interrogated a
microarray dataset that consisted of primary tumor cells isolated from 5 AA and 4 CA patients
(Supplemental figure 4). The significant race related miRNA probes were able to differentiate patients
relevant to race using PLS test (Supplemental Figure 1).

Lastly, of the 47 miRNAs significantly expressed, we confirmed the 5 most significant by gRT-
PCR in non-malignant and selected aggressive malignant cell lines (Supplementary Figure 2). Of these,
miR-132, miR-376b, miR-410 and miR-152 had an expression profile correlating with functional features

of the metastatic cell lines.

Demethylation Treatment Reverses miRNA Expression of AA-Associated miRNAs.

Previous reports and in silico analyses demonstrated that most of the miRNAs associated with
race contain CpG islands within the promoter regions upstream of the start site (Supplemental Figure 3).
To determine if hypermethylation is associated with decreased expression of these miRNAs, LNCaP and
PC-3 cells were treated with 5 UM 5-aza-2’d alone for three days or in combination with 100 nM TSA for
24 hr. Re-expression of multiple miRNAs was evident in both LNCaP and PC-3 cells after 5-aza-2’d
treatment. However, miR-376b and miR-152 showed the most substantial increases in both cell lines
(Figure 2).

Since miR-152 contained the greatest percentage of methylated CG sequences and demonstrated
the most consistent increases after 5-aza-2’d treatment, we focused on this RNA. To determine the
methylation status of the miR-152 promoter region, extracted DNA from LNCaP, DU-145, and PC-3 cell
lines was subjected to sodium bisulfite modification and sequenced. To confirm these results, sodium
bisulfite-converted DNA was subjected to capillary electrophoresis and analyzed utilizing the online
Bisulfite Sequencing DNA Methylation Analysis (BISMA) sequencing program. The results indicated

that DNA of LNCaP, DU-145, and PC-3 cell lines was 100% methylated at 1000 base pairs upstream
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from the promoter region (Figure 3). Thus, these results suggest that, in malignant PCas, miR-152 is

inactivated through methylation.

miR-152 Expression Correlates with Clinical and Pathological Variables.
The expression of miR-152 in 28 normal cell lines, 97 primary tumors, and 13 metastases was
analyzed using the Taylor et al. GSE21032 data set available on the GEO website

(http://www.ncbi.nlm.nih.gov/geo/). Primary and metastatic tumors had lower levels of miR-152

relative to normal samples (Figure 4a), which correlated with the higher incidence of metastatic samples,
metastatic events, and lymph node invasion (Figures 4b and c¢). Tumors with low miR-152 levels also had
reduced biochemical recurrence-free survival (Figure 4c). Together, this describes a consistent picture of
low miR-152 levels associated with PCa metastasis and recurrence.

These results prompted us to determine miR-152 expression in our patient cohort of AAs and
CAs, hypothesizing that tumors from AAs would have lower miR-152 than those from CA patients.
Patients were selected based on cancers of higher total Gleason score (>6) and/or pathological stage
(pT2), and positive for perineural and/or vascular invasion, as these pathological characteristics correlate
positively with tumor aggressiveness and metastasis. AA patients had a lower median age relative to
similarly staged CA patients, which was also associated with lower miR-152 levels measured by gRT-
PCR (Table 2). Analysis of miR-152 expression in individual tumors compared to matching adjacent
normal controls showed a statistically significant decrease in miR-152 expression in 50% of the AA
patients compared to only 35 % of CA patients (Figure 5a, b supplemental table 3).

Restoring miR-152 Expression Decreases Cell Growth.

The clinical relevance of miR-152 in PCa prompted us to determine if loss of expression had a
biological or functional role in promoting metastatic tumors. After optimizing the concentration of miR-
152 mimics that restored miR-152, miR-152 was transfected into LNCaP and PC-3 cells. As determined
by MTT assays, ectopic expression of miR-152 inhibited cell proliferation after 3 days, and this continued

to Day 6 (Figure 6a). Since the inhibition of cell proliferation began at 72 hr, miR-152 transfected cells
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were next assayed after 72 hr by flow cytometry to determine if there was an effect on cell cycle
progression. miR-152 treatment caused cells to accumulate at the G2-M phase (LNCaP NC 34.50%
compared to miR-152-transfected cells 35.25%; PC-3 NC=33.15% vs miR-152= 37.59%) (Figure 6 b,d).
In addition to reduced cell proliferation, miR-152 transfected LNCaP and PC-3 cells demonstrated a
decrease in cell migration (Figure 6e) and invasion (Figure 6f).

Previously, miR-152 was demonstrated to target DNMT1 expression in endometrial tumors [37].
Since we observed that numerous miRNAs in our panel were influenced by methylation, and the
methyltransferase DNMT1 is a regulator of DNA hypermethylation in various tumor types, we sought to
explore the miR-152/DNMT1 relationship in PCas. First, the relative expressions of DNMT1 and miR-
152 were examined in our panel of cell lines. As expected, qRT-PCR showed that DNMT1 expression
was elevated in the more aggressive cell lines, and this correlated with decreased expression of miR-152
(Figure 7a). DNMT1 expression was then examined in LNCaP and PC-3 cells transfected with miR-152.
Both types of cells showed decreases in DNMT1 expression at the RNA and protein levels (Figure 7b).
This relationship is possibly direct, as miR-152 has putative binding sites in position 45-54 of the
DNMTI1 3° UTR. To confirm this, we utilized a previously established DNMT1 3'-UTR luciferase
reporter system [38] containing the miR-152-binding sites (DNMT1 wild-type 3’- UTR) or mutating these
sites (DNMT1 Mu 3'-UTR) that contain the putative miR-152 binding sites. Both LNCaP and PC-3 miR-
152 transfected cells showed decreased DNMT1 wild-type 3'-UTR luciferase activity, whereas DNMT1
Mu 3'-UTR luciferase activity was not affected (Figure 7c). Since we demonstrated that loss of miR-152
occurs through promoter methylation, we asked if there was a reciprocal relationship between miR-152
and DNMT1. Treatment of LNCaP and PC-3 cells with DNMT1 siRNA caused increases in miR-152

expression (Figure 7d).

To examine the possible broader influence that loss of miR-152 has in PCas, we queried the
TargetScan in silico database to determine additional gene targets that could be regulated by miR-152. Of

the top genes, Rictor, TGF-B, SOS1, ABCD3, SMAD4, SOX2, E2F1, and Dicer were predicted. To
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determine their influence, a custom gene array of these genes was designed (Supplemental Table 5), and
expression levels in LNCaP and PC-3 cells that were transfected with miR-152 were assayed. Validation
of the down-regulated targets by qRT-PCR and immunoblots indicated that, in addition to DNMTL,
Rictor and SOS1 were influenced by miR-152 in LNCaP and PC-3 cells; however, to a lesser extent in
PC-3 cells (Supplemental Figure 4 a-c). Together, these results indicate that miR-152 regulates epigenetic

events that promote tumorigenesis.

Discussion

Numerous studies have now reported gene differences AA and CA prostate tumors [4, 6, 7, 18,
39]. As the field of health disparities is in its infancy, these reports provide the first evidence of
population-based genetic contributions to aggressive disease. However, the regulation of these genes is
still elusive. To address this question, without influence of non-epithelial stromal cells typically present in
tissues, we utilized AA- and CA-derived cell lines derived from benign and primary tumors, along with
well-established cell lines derived from metastatic PCas. Our findings derived by miRNA microarray
analysis revealed a distinct miRNA expression pattern in AA-derived cell lines. gRT-PCR validation of
these miRNAs showed that the five most significant miRNAs were decreased in metastatic cell lines,
suggesting a role for these molecules in tumorigenesis. Since previous reports have demonstrated
inheritable epigenetic changes in AA patients, we sought to determine if decreased expression was the
result of DNA methylation. In silico analysis revealed that these miRNAs have dense CG regions in the
promoter. Further evidence that methylation of CpG islands causes silencing is that each of the miRNAs,
albeit to varying degrees, is re-expressed after treatment with 5-aza-2’d or TSA. To our knowledge, this is
the first report that demonstrates a methylated miRNA profile that can be associated with the progression
of AA prostate tumors.

Of the miRNAs influenced by 5-aza-2’d, several have been found in other tumor types, including
PCa. For example, miR-132, which targets both heparin-binding epidermal growth factor and TALINZ2, is
silenced by hypermethylation [15]. Of the miRNAs we assayed, miR-152 demonstrated the most

8



Theodore et al 2013
Epigenetic loss of miR-152 in prostate cancer

significant reversal of expression, an effect consistent for both LNCaP and PC-3 cell lines. Previous
reports regarding endometrial cancer [37], gastrointestinal cancer [40], and ovarian cancer [41, 42], and a
report relating to PCa [43], published during the preparation of this manuscript, show that miR-152 levels
are decreased in more advanced tumors. Analysis of patient data from the Taylor et al. study, deposited in
the NIH-sponsored Geo database, confirms that miR-152 expression is low in the more advanced primary
tumors, with the lowest expression in metastatic samples. However our analysis provides evidence that
low miR-152 levels decreases probability of biochemical recurrence free survival in patients. gRT-PCR to
measure normal-tumor expression ratios confirmed these findings, with 67% of patients displaying lower
miR-152 expression. However, the most relevant observation is that AA patients display decreased
expression of miR-152 in both uninvolved and paired tumors compared to CA patients of similar age,
stage, and Gleason grade. To determine the mechanism for decreased miR-152, sodium bisulfite
modification and sequencing of miR-152 promoter in aggressive PCa cell lines were performed. Both
LNCaP and PC-3 cells showed 100% methylation status, highlighting that, in aggressive tumors,
hypermethylation of the miR-152 promoter is a mode of silencing miR-152.

miR-152 directly targets the 3' UTR of DNMT1 [37]. Across our cell line panel, DNMT1 and
miR-152 showed an inverse relationship in expression. With LNCaP and PC-3 cells, which have
endogenously low miR-152 levels, we confirmed that forced expression of miR-152 results in decreased
expression of DNMT1 at both the RNA and protein levels. We also confirmed decreased expression of
several candidate targets that have been implicated in AA prostate tumors. SOS-1, which is a regulator of
EGFR expression and downstream signaling, is increased in AA PCas [5]. Although Rictor, a subunit of
the mTORC2 complex, has not been directly implicated in AA PCas, the phosphatidylinositol-3-
kinase/AKT (PI3K/AKT) pathway, which is a regulator of the mTORC2 complex, has been associated
with AA PCas [39]. Whereas TGF-a is a direct target of miR-152 in PCa cell lines [43], we observed
decreased TGF-B mRNA expression after forced miR-152 expression, which further suggests that loss of
miR-152 promotes increased aggressiveness through multiple signaling pathways. Because DNMT1 has
been characterized as one of the main enzymes responsible for maintenance of methylation patterns in
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tumor-related genes [44, 45], we investigated the role of DNMT1 on miR-152. We found that depletion of
DNMT1 through siRNA resulted in increased miR-152 in both LNCaP and PC-3 lines, highlighting that
the effect is independent of androgen sensitivity. However, there appears to be a feed-forward loop where
either loss of miR-152 and/or increased DNMT1 maintains methylation patterns, and hence miR-152
expression. MIiR-152 is gaining interest as a factor in various tumor types; a recent report concerning
nickel sulfide-transformed human bronchial epithelial (16HBE) cells demonstrated that the miRNA-
152/DNMT1 relationship develops early in transformed cells [38]. Treatment of cells with 5-aza-2’-d or
depletion of DNMTL led to increased miR-152 expression by reversal of promoter hypermethylation.
These findings are similar to those presented here, however the available data relating to PCas suggest
that the relationship between loss of miR-152 and increased DNMT1 occurs during the progression to
advanced tumor status.

Our finding of a regulatory mechanism that maintains methylation patterns has implications for
AA PCa patients. The fact that miR-152 expression is lower in non-malignant tissues from AA patients
compared to CA non-malignant tissues suggests that miR-152 expression is regulated by inheritable
differences. Although the cause of this decreased expression is still speculative, using NCBI Genome and
dpSNP Database (http://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=12940701), we did identify
38 single-nucleotide polymorphisms (SNPs) on chromosome 17q21 (46114527.....46114613,
complementl) region where miR-152 is located. Of these, rs200114569, which is associated with a C to
G nucleotide change, and rs12940701, which is associated with a C to T change, were of interest because
they may affect the methylation status of the miR-152 gene. The rs12940701 SNP has a relatively high
frequency (15%) of the minor T allele in the European American population (n=120) relative to the
Yoruba (Nigerian) population (n=118). Thus, the European American population could have lower
methylation rates since the C nucleotide is changed to the T nucleotide, whereas, in the Yoruba
population, this shift is less frequent, allowing for more C nucleotides, thus possibly increasing the rate of
methylation. Further analysis should focus on the methylation frequency of miR-152 and on genotyping
SNPs that compromise miR-152 expression in AAs and CAs.
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In summary, the present work highlights miR-152 as a tumor suppressor that is inactivated by
methylation. Because a large number of tumor/metastasis suppressor genes are silenced as a result of
methylation, miR-152 could be a central regulator of key events that contribute to tumorigenesis and
aggressiveness and thus has the potential to be a therapeutic agent for PCa treatment. These results begin

to unravel the molecular mechanism associated with the aggressive tumors of AA patients.

Materials and Methods

PCa cell lines and primary tissue samples.  Immortalized PCa cell lines RC-77T/E (T3c poorly

differentiated primary tumor), RC-77N/E (non-malignant) were derived from AA patient as previously
described [21]. RC-43T/E (T4 poorly differentiated primary tumor) and RC-43N/E (non-malignant)
were also obtained from an AA patient (characterization unpublished).  Benign cell lines derived RC-
165N/hTERT (derived from AA patient) [23] and RC-170N/hTERT (derived from CA patient) [24], and
primary tumor cell line RC-92a/hTERT (derived from CA patient) cells [25]. All cell lines were cultured
in keratinocyte serum-free medium (KGM, LifeTechnologies, Carlsbad, CA) supplemented with bovine
pituitary extract, recombinant epidermal growth factor, and 1% penicillin-streptomycin-neomycin were
maintained in KGM medium as previously described [26]. Non-malignant CA prostate epithelial cells
(PreC) were obtained from Clonetics Lonza (Switzerland) and maintained in Prostate Epithelial Cell
Growth Medium (Clonetics). The CA androgen-independent and metastatic PC-3 and DU-145 PCa cell
lines were maintained in Dulbecco's Modified Eagle medium (DMEM) supplemented with 10% fetal
bovine serum and 1% penicillin-streptomycin-neomycin. The CA LNCaP and C4-2b androgen-
dependent and -independent, respectively, prostate cells were maintained in T-medium. RWPE-1 normal
prostate cells were maintained in KGM as previously described [27]. The malignant, androgen-receptor
positive AA MDA-PCa-2b cells were purchased from ATCC (Manassas, VA). These cells were

maintained in F-12K medium supplemented with 20% fetal bovine serum, 25 ng/ml cholera toxin, 10
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ng/ml mouse epidermal growth factor, 5 uM phosphoethanolamine, 100 pg/ml hydrocortisone, 45 nM

selenious acid, and 5 pg/ml bovine insulin.

Patient Samples. Patient samples were obtained from the Cooperative Human Tissue Network at the

University of Alabama at Birmingham (UAB) under Institutional Review Board-approved protocols.
Additionally, the Institutional Review Boards of Tuskegee University and UAB approved the use of
tissues for this study. Tumor sections were macro dissected. There was no significant difference between
the two groups with respect to tumor content. (Average percentages of tumor for AA and CA biopsies
were both 54%.) Paired normal tissues were also collected from the same patients. Altogether, samples
from each of the 20 AA and 19 CA patients, along with patient-matched normal adjacent tissues, were
used for qRT-PCR validation. p-values were generated using the Benjamini-Hochberg corrected for
multiple tests that reflects the individual patients with significant difference in mirl52 expression relative

to global mean of u48 for Ct values and global mean for delta Ct values.

Quantitative Real-time PCR (gRT-PCR). Total RNA extraction was performed using the Ambion

recover all nucleic acid isolation kit (AM 1975) modified by replacing filters with (AM10066G). RNA
(10 ng) was reverse transcribed using TagMan miRNA reverse transcription kits (Life Technologies). For
MRNA expression, 1 pg of total RNA was reverse transcribed using High Capacity cDNA Kkits
(Invitrogen). Relative expression of miRNAs and mRNA was quantified with the TagMan Universal PCR
Master Mix, No AmpErase UNG, with the 7500 Fast Real-Time PCR system (Life Technologies).
Thermal cycling conditions included enzyme activation for 10 min at 95°C, 40 cycles of 95°C for 15 s,
and 60°C for 60 s, according to provider’s protocol. Reverse transcription for mRNA was accomplished
as previously described [22, 28]. SYBR Green reagents (Invitrogen) were used for quantitative real-time
PCR. Thermal cycling conditions for primer sequences used for mRNA detection are included in the table
below . Analyses for miRNA and mRNA were performed in triplicate. RNU48 miRNA, GAPDH, and
18S ribosomal RNA were used as endogenous controls.
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Transfection of miRNA Precursor. LNCaP and PC-3 PCa cell lines were seeded at 2 x 10° cells in six-

well plates on the day before transfection. Lipofectamine 2000 reagent (Life Technologies) was used to
transfect 5-15 nmol of miR-152 or 5-15 nmol of miR-Negative Control #1 in Opti-MEM (Life
Technologies). Cells were harvested for assays three days after recovery in fully supplemented media, as

described previously [28].

Cell Proliferation Assays. LNCaP and PC-3 cells (2.5 x 10%) were plated in 96-well plates in DMEM.

After being cultured for 24 hr, cells were transfected with miR-152 or Negative Control #1 (Life
Technologies) at a concentration of 30 nM. Cell viability was determined at 24, 48, 72, 96, and 120 days
after transfection. All cells were incubated with 10 pl of 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT, Sigma-Aldrich, St. Louis, MO) solution (5 mg/ml) in PBS for 4 hr.
Dimethylsulfoxide (50 pl) was added for 10 min after aspiration of the MTT solution. Plates were read at
560 nm.

Cell Migration and Invasion assay. _ Cell migration and invasion was determined using the Boyden

chamber assay. Briefly, 20,000 cells were plated in the upper chamber, with or without Matrigel,
containing serum-free medium containing 1% bovine serum albumin for 24 hours; this then was replaced
with a serum-free medium for an additional 24 hours. The lower chamber contained medium with 10
ng/mL of epidermal growth factor was used as a chemo-attractant. The number of cells that migrated or
invaded through the matrix over a 48 hour-period was determined by counting cells that stained with

crystal violet on the bottom of the filter. All experiments were performed in triplicate.

Sodium Bisulfite Modification and Methylation Analysis. DNA was extracted with GenElute

Mammalian Genomic DNA Miniprep kits (Sigma-Aldrich) following the manufacturer’s instructions.
Subsequently, bisulfite conversion of DNA (2 pg) was performed with EpiTect Bisulfite kits (Qiagen,

Valencia, CA). The miR-152 sequence was determined by using the UCSC Genome Browser [30].
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Methylation PCR amplification primers for sequencing were designed using MethPrimer [31]. Sequence
from 5 to 3’ - Primer 1. GGGTTAGGGGGAGTAGTTAATTTAG and Primer 2:
ATAAACTCCAAAAACATACCCATCA. gRT-PCR was performed on bisulfite-converted DNA (1 pl),
using the primers described above covering two CpG regions upstream from the miR-152 promoter DNA
sequence. A second round of amplification was performed on the first PCR amplicons and subsequently
characterized by electrophoresis on 1.2% agarose gels. Sequencing of amplicons was performed at the
UAB Heflin Center, Birmingham, AL. Bisulfite sequencing was analyzed by an online DNA methylation

platform, Bisulfite Sequencing Data and Presentation Compilation (http://biochem.jacobs-

university.de/BDPC/).

Immunoblots. Cells were harvested 3 days after miR-152 transfection, washed with PBS, and lysed in
NP-40 lysis buffer [10 mM Tris-CI (pH 7.4), 10 mM NaCl, 3 mM MgCl, 0.5% NP-40 (Nonidet P-40),
0.15 mM spermine, 0.5 mM spermidine, and protease inhibitor solution] and centrifuged at 12,000 g for
10 min at 4°C. Protein concentrations were determined with the BCA Protein Assay kit (Thermo
Scientific, Rockford, IL) according to manufacturer’s instructions. Protein samples were separated on
7.5% SDS-PAGE pre-cast gels (Thermo Scientific). Protein levels were detected by anti-DNMT1, anti-
mTOR, and anti-Rictor rabbit polyclonal antibodies (Cell Signaling, Danvers, MA), and analyzed by

chemiluminescence.

Treatment with 5-aza-2’-d. Cells (60% confluent) were treated with 5 pM 5-aza-2’d for 5 days, with

fresh media supplemented with 5-aza-2’d every day. Trichostatin A (TSA, a histone deacetylase inhibitor)
was administered at a concentration of 100 nM on the last day of treatment. Cells were harvested and

assayed for miR-152 expression by qRT-PCR as previously described [21, 22].
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Flow Cytometry Analysis. Cells were harvested 3 days after miR-152 transfection, washed with cold

PBS, fixed, and permeabilized with 70% cold ethanol for propidium iodide staining. Cell cycle analysis

was performed with a flow cytometer (Accuri, Ann Arbor, MI).

miRNA microarray samples. For miRNA expression profiling, 11 unique cell lines were utilized,

specifically, PrEC, RC-77N/E, RC-77T/E, RC-43T/E, RC-43N/E, RC-165N/hTERT, RC-92a/hTERT,
RC-170N/hTERT, PC-3, MDA-PCa-2b, and C42B. Microarray hybridizations were performed in
triplicate for each line by Ausurgen, Austin TX). In addition, primary tumor samples (n=9) were also
processed for microarray hybridization (RC-30T, RC-33T, RC-136T, RC-139T, RC-28T, RC-78T, RC-
143T, RC-145T and RC-25T). Clinical characteristics are listed in (supplemental table 4). The protocols
for RNA extraction and miRNA microarray hybridizations were performed by an outside vendor

(Asuragen, Austin, TX).

Raw_data processing from microarrays. For data processing, the bioconductor packages pipelined

through R interfaces DaNTE [32] and CARMA [33] were used. Pre-processing and normalization was
completed with the Affy package. Two distinct array platforms were used during the course of this
project; cell lines were hybridized to one platform and primary samples were hybridized to another. The
platforms differ in probe content and replication. Arrays of identical platforms were quantile normalized
to minimize inter-array noise [34], using the gcRMA method [35]. Subsequently, replicates were merged

into median values for statistical association analyses.

Statistical analysis of hormalized data. For all analyses, p-values <0.05 were considered as significant.

Initial differential expression was detected using an ANOVA linear model. Of the miRNA genes that
showed significant variance, we measured the specific differential expression among categorical
groupings; diagnosis, pathological stage, and race. Differential ~ expression  associated  with
categories was measured using a moderated T-test in the limma package of R. Cells lines representing
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tumor and uninvolved from the same individuals were grouped into two categories; Malignant or Non-
malignant. This grouping also included established laboratory cell lines (PREC, PC3 and C42b). We
incorporated multiple hypothesis testing to correct for false positive (type 1 errors) and false negative
(type 2 errors). Specifically, we implemented adjusted p-values (Bonferroni) and false discovery rates
(FDR) using the Benjamini and Hochberg method [36]. A moderate 10% FDR cutoff was used when
applicable. We also used hierarchical clustering analyses to determine groups of differentially expressed
miRNAs between specific variables and to isolate specific nodes of probes that shared similar expression
trends.

We used non-parametric tests when comparing across array platforms to validate the significance
of specific factors in a given variable category. Specifically, a Kruskal-Walis test was used for all
variables. In addition, for variables with only 2 levels, a Wilcoxon Rank Sum test was utilized for
secondary validation. In cases where strict fold change values were of importance, the fold change
between two factor levels was calculated using the ratio of mean expression between the variables over
differences in expression between the variables. [log(x/y) = log(x) - log(y)].

To determine the ability of significant probe profiles to differentiate samples into relevant
categories, we used a partial least squares (PLS) principle component test. Specifically, once probes were
found to be significantly differentially expressed, following hierarchical clustering, we identified suitable
nodes or combination of probes, for each category. We determined differentially expressed probes based
on diagnosis, stage and as the predictors and miRNA expression values as the response. These tests both
determined whether the probes statistically associated with a specific variable or had predictive value
across independent primary samples not utilized in the initial discovery ANOVA and non-parametric
tests. If the largest percent variation could be explained by the variable extracted/tested, and the samples
segregated according to proper category variable annotation, the probe set was considered to have
significant predictive value for the specified categories. For these analyses, the DANTE 1.2 program was

utilized.
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Fig. 1. Heat Map of miRNA microarray. (a) Hierarchical clustering analyses of miRNAs (left) grouped
by non-malignant and malignant status: non-malignant cell lines (red block), malignant cell lines (blue
block). (b) PLS plot of AA and CA prostate cell lines grouped by malignancy. (c) Hierarchical clustering
analyses of miRNAs (left) grouped by race. AA cell lines (red block), CA cell lines (blue block). miRNAs
are ordered according to their cluster determined by p-values using the Kruskal-Walis test. (b) and (d)

PLS plot of AA and CA prostate cell lines grouped by race.

Fig. 2. Multiple miRNA expression pattern after treatment with demethylation agent (a) LNCaP
cells were treated with 5 uM 5-aza-2’d for 4 days alone (+) or with 100 nM TSA for 24 hr (++). Results
shown are representative of three independent experiments + s.e.*P<0.05. (b) PC-3 cells were treated with
5 uM 5-aza-2’d for 4 days alone (+) or with 100 nM TSA for 24 hours (++). Results shown are

representative of three independent experiments + s.e. *P<0.05.

Fig. 3. The miR-152 promoter contains methylated sequences. Bisulfite modification was performed
on LNCaP, DU-145, and PC-3 cells, and DNA was sequenced to determine the methylation status of the
promoter region. Map of miR-152 CpG island sites (EMBL-EBI), and PCR products utilized for bisulfite

sequencing.

Fig. 4. Low miR-152 expression correlation with PCa metastasis. Samples were sorted by average
miR-152 expression and the mean from two probes was normalized with z-score. (a-d) miR-152
expression correlates with metastases, invasion events, and recurrence-free survival in 138 PCa samples
(97 primary tumors and 13 metastases) from the Taylor et al. data set. (a) miR-152 levels decrease
monotonically from normal, primary tumor, and metastasis, P < 0.0001. (b) Intensity in heatmap, with red

corresponding to high and blue to low expression. (¢) Number of metastatic events separated by high,
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intermediate, and low miR-152 expression. (d) Low miR-152 expression correlated with decrease in

probability of biochemical recurrence free survival p=0.0004 (log-rank test).

Fig 5. miR-152 expression in AA and CA matched normal tumor cohort. (a) gRT-PCR of miR-152
expression in normal-tumor paired prostate tissue samples. All samples were normalized to the adjacent
normal samples. All values under value one represent down-regulation of miR-152. Note: 67% of the
combined patient populations displayed a decrease in miR-152 expression. (b) Plot demonstrating the
individual miR-152 expression values in AA and CA patients: Note: 50 % of the individual AA patients
had significant lower miR-152 expression compared to only 35 % of CA patients. p-values (Benjamini-

Hochberg corrected for multiple tests) .

Fig 6. Restoring miR-152 expression decreases cell proliferation, migration, and invasion. (a)
Proliferation of LNCaP and (b) PC-3 cells that were transfected with either 30 nM of miR-152 mimic or
miR-NC (negative control) was measured by MTT for 6 days. Results shown are representative of three
independent experiments averaged and normalized to Day 1 + s.e. *p<0.05. (¢) () LNCaP and (d) PC-3
cells were analyzed by flow cytometry after 3 days of miR-152 mimic transfection (30 nM). miR-152
caused G2-M arrest in cell cycle progression in PCa cell lines. Results shown are representative of three
independent experiments. (e) Relative cell migration of LNCaP and PC-3 cells was measured utilizing
Boyden migration chambers. Results shown are representative of two individual experiments performed
in triplicate. (f) LNCaP and PC-3 cells transfected with miR-152 mimic showed a decrease in the number
of cells invading through a layer of Matrigel relative to cells treated with miR-NC (negative control). All

data presented are the means of three independent experiments + s.e. *P<0.05.

Fig. 7. Comparison of miR-152 and DNMT-1 relationship in PCa cell lines (a) Relative miRNA and

MRNA expressions of miR-152 and DNMT1 were determined by qRT-PCR in a panel of prostate cell
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lines with increasing aggressiveness. (b) miR-152 or scrambled oligonucleotides as NC (negative control)
treatment of LNCaP and PC-3 cells resulted in decreases of DNMT1 at both RNA and protein levels. (c)
Dual-luciferase assays were performed for LNCaP and PC-3 cells co-transfected with the firefly
luciferase constructs containing the DNMTL1 wild-type or Mu 3-UTR and miR-152 mimics or (NC)
negative control. (d) SIRNA-DNMT1 treatment resulted in increases in miR-152 expression in LNCaP
and PC-3 cells, as determined by gRT-PCR. DNMT1 expression was analyzed by immunoblots utilizing
anti-DNMT1 antibody for both LNCaP and PC-3 cells after siR-DNMT1 treatment. For all qRT-PCR

experiments, expression was normalized to RNU48 (miRNA) and GAPDH (mRNA) controls.

Supplemental Fig 1. Race related miRNAs separate primary tumors cells by race. (a) PLS plot of
individual primary prostate cancer cell isolated from AA and CA patients using race related miRNAs

identified from AA prostate cell lines.

Supplemental Fig 2. qRT-PCR validation of miRNA differentially expressed miRNA in PCa cell
lines. (a-e) Relative miRNA expression of miRs determined by qRT-PCR in prostate cancer cell lines

with increasing aggressiveness, compared to normal CA PrEC and AA RC-77N/E cells.

Supplemental Fig 2. Insilico analysis of CpG islands of race related miRNAs. (a). Schematic map of

the CpG islands in the promoter region of miR-152, miR-410, miR-376, miR-132.

Supplemental Fig. 3. Validation of additional miR-152 target genes (a) RT-PCR validation of the
custom-designed miRNA microarray for alogithrim-predicted miR-152 target genes (TargetScan) with or
without pre-miR-152 treatment in LNCaP and PC-3 cells. (b) Immunoblots showing that SOS-1 and
Rictor were decreased in LNCaP and PC-3 cells treated with pre-miR-152 relative to the NC scramble

control.

22



23

Theodore et al 2013
Epigenetic loss of miR-152 in prostate cancer



PCA Plot (67%)

-

Malignant

P

Non-Malignant

-

PLS Pict (68.8%)

| T [

* Caucaman

® Alncan_Amencan

- T -
African American

Caucasian

Figure 1



Fig 2

Figure 2

18

Relative Expression

Relative Expression

18
16
14
12
10

= M

a2

+  ++

miR-132

LNCaP

+ 4+

miR-376b

+ 4+

miR-410

+ o+t

miR-152




Fig 3

d. :
, 1000 bps upstream miR-152 Promoter
5 ey e
gk L0 A e
Es
=8
Ihl:l ' ! EWJ o r ‘d-"Jl':hpL ‘w‘m ; ; 10'30!:\:-
CoG TURT niE T
CpG Island EDQpr
Neckatide postin
E i ‘; % h 15 i kL ] n
LNCaP = R E B L S T Y 1 ih ¢
1 2 3 4 S 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
HEEEEEEEEEEEEEEEEEEEE NN
MNugicode postin )
P(C-3 S 0 y o 5 4] ) m 39
e WO [ iy 1 i Poen P t —

2 3 4 5 8 7 & 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

1
ENEEEEEEEEEEEEEEEEEEEEn

Figure 3



Fig 4

Figure 4

Mets, Met Events, LNI

miR- 152 Expression

(2 sl:lamplas in clustnr%

—

*Pe 001
9-
a' i ]
| | |
| [ ]
7 x_-L_l -T-
& .
5 . —
4 =28 a=g7 w13
Normal  Primary Tumecr Metastasis
Tissue Samples
B Mets
® 7 mMet Events
B LNI
4
=
(0]
High Intermediate

MIR-152 Expression

Lo

i

ICAL ME TS CAS

ICAL ME TS HON
e [T .

858

EROERER N

Biochemical Recurrence Free Survival

p=. 0004 [Lﬂg—f_t-ank tes]:] L - L 1

0 W W@ 6 850 100 120 140
Time (Months)



m— GE 1031324 (D)
l.. BE JUa1324 [¥D)
J. £E U313 (¥D)
9g JuaIed (v2)
m— e U313 (40

lr FE ua13Ed (9]
m £F HuP1Ed (¥0)
E—— E 10210 (VO]
E TE UaiEd (¥D)
I 0 uaed (¥D)
I 62 a4 (¥2)
| 8¢ u3Ed (v
l £T W31 (¥2)

j ag juaed (vo)

l 52 Ma1Rd (v2)

l 2 ua13Rd (v2)

I ET ua13Ed (¥)

I_ ZZ e (v2)

W 17 waied (v
mm 07 aned (vy)

T U20Ed (YY)

— 2T UA0Rd (V)

T UAneRd ()
I.- a7 AR vy
E— ST U2 ()
N bTIusned (vy)

I.. ET WaREd (v

J. T Ma3ed ()

L BREEEEE v

07 1Uaed ()

l._. 6 Iualed (v

W 8 uaned (vy)

m— uaned (v
I 9 uaned [¥y)
I_ S juaned (yy)
U 20E ()
I. £ uaned (v
l Z 1uaned (vy)

l TIuaned (vy)

i =t [aF] =] = ]

uoissaidig anne|ay

Fig 5

Tissue Samples

0.0001

0.001

* African American

& Cai caslan

0.01

anpep-d

20 25

i
*
15

0.1

Individual Patients

Figure 5



Fig 6

a. LMNCaP b. PC-3
12 15
o 10 Megative Control " 13 Negatnie Controd
% = miR-152 = 11 mift-152
ax & 9
£ 6 £ 7 i
E 4 g S :
15 - a5 4
; k.——_’f ]
1
Day 1 Day 2 Day 3 Day 4 Day 5 Day & Day 1 Day 2 Day 3 Day 4 Day 5 Day 6
Days After Transfection Days After Transfection
MC miR-152
= P 1. i § - Oate Bl
’ G1-  46.06% ' G1-  44.22%]
3 | 8 11.58% " S-  13.24%
= G2-M- 34,500 v G2-M- 35.25%
- &
y’
ot & - &
:!;i'?..".'ﬁ- W D _uroi\:-:m :-;-;:-c-s-eu “""”’ 1050 o LS"-}‘W ':'-“‘“"
d. 2 Ciate: R & Gty R
G1-  4T.03% G1- 56.06%
1 8- 15.58% . -  14.84%,
G2-M- 33.15% G2-M- 37.50%
- -4
-;4-!1-J

"
-

3 Boyden Chamber Migration Invasion Assay
- ) NP e} w M wecer L
'ﬁ = > E ]
e g [ B o
L]
i a3 L] % - "
< R = %0
-4 - i E
} gE “ iy
- = " 1
E ; o |
Figure 6 NC miR-152 hC miR-152 miR-152 HE mi-152




Fig 7

Relative Expression

Figure 7

Relative Luciferase Activity

=]
=]

[=]
o

[=]
=

=}
]

PrEC

b.

- - g
R-152 L
" _ I o o
o o
- DNMT1 o
= 2
al
=
=
m
w
l o
= 5 FE & ® 2 2 &8 8§
I I 5 & £ X & A =
E 2z z = = 2 s -
-
=
Cell Lines DNMT1
B-actin
W LNCaP d.
O PC-3
9
8
c 7
_D
76
o
a5
&
L
=
E.‘i
L R @ 2
NC miR-152 NC miR-152 1
DNMT1WT DNMT1 MU 0
DNMT1

DNMT1 Expression

LNCaP S
12 -
12 |
25 _
5 1-
]
0.8
2 o8
g
05 E
il g6
>
Lo 2 04
=
0.2 i 0.2
0 + | U 0 .
NC  miR-152 NC miR-152
1 57 9 52
— - b——.

miR-152 Expression

LNCaP
45

40
35
30
25
20
15
10

5

0

Relative Expression

si-5cr si-DNMT1

- -

PC-3

si-5¢r

-
-

si-DNMT 1

p-actin (NN



Hierarchical clustering of race related miRNAs

miRNA (Adjusted) p-value T
hsa-miR-363 3.43e-05
hsa-miR-132 0.000354
hsa-miR-376b 0.00188
hsa-miR-410 0.00291
hsa-miR-152 0.00471
hsa-miR-189 0.00498
hsa-miR110 0.00514
hsa-miR-27b 0.00657
hsa-miR-519¢ 0.0071
hsa-miR-520h 0.00774

hsa-miR-27a 0.00837

Figure 8



Table 2

Clinical Characteristics of Primary Tumor Paired Prostate Samples

Figure 9

Ethnicity African American Caucasian
Samples 20 (51.3%) 19 (48.7)
Age
Median 57.5 64
Mean 57.3 60
Standard deviation 6.68 7.3
Min - Max 47-69 48-70
Initial Clinical Stage
T1 NA NA
T2 16 (80%) 10 (52.6)
T3 4 (20%) 8(42.1)
NS NA 1(5.3)
Gleason Score
6 8 (40%) 8 (42.1%)
7 12 (60%) 10 (52.6)
8 NA 1(5.26)
miR-152 Expression
Average all samples +SD 1.6% 2.6

NA —none
SD- Standard Deviation
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Background: Epigenetic changes through DNA methylation can serve as biomarkers for the
presence of prostate cancer (PCa). Gene methylation in histologically benign tissue adjacent to
PCa can provide “field effect" biomarkers to detect cancer missed due to sampling errors. Such
errors may also result in underestimates of PCa stage or grade, complicating decisions about
Active Surveillance. We previously showed increased field effect methylation in GS 7 over GS 6
subjects in a small patient cohort. Here, established methylation markers of PCa (GSTP1, APC
and RASSF1) were tested in a larger cohort to compare histologically benign biopsy cores from
patients diagnosed with no cancer, low volume GS 6 cancer and GS 7 cancer. The objective was
to confirm that epigenetic field effects may be useful for detecting occult high grade
malignancies in diagnostic and prognostic settings.

Methods: DNA was extracted from prostate biopsy tissue prints and used for multiplex
methylation-specific PCR (MSP) assays of the 3 genes. All testing was done blinded. Each of 12
tissue cores was tested from a series of 76 biopsy patients: 34 diagnosed with GS 6 PCa, 22
with GS 7 PCa, and 20 no-cancer controls.

Results: In 19 of the 22 GS 7 cases (86%), epigenetic markers were positive for field effects in
one or more adjacent benign cores; 12 (54%) were positive for all 3 epigenetic markers. In
contrast, only 9 of 34 cases (26%) GS 6 cases were positive for all 3 markers. We again observed
that robust marker expression in histologically benign cores from cases diagnosed with low
volume GS 6 PCa was associated with higher grade cancer at radical prostatectomy
(upgrading). APC showed the best performance as a single marker “field effect” test for
adjacent high grade PCa.

Conclusions: GSTP1, APC and/or RASSF1 gene promoter methylation was observed to be more
prevalent in histologically benign cores from biopsy patients diagnosed with GS 7 PCa, as
compared with low volume GS 6. This study confirms previous findings in a larger cohort of
subjects that these “field effect” biomarkers can be useful for detecting cancer adjacent to
histologically negative biopsies and may be indicative of occult aggressive PCa.



Biotech Histochem Downloaded from informahealthcare.com by Dr. G.S. Nettleton on 09/30/13
For personal use only.

GUEST EDITORIAL

informa

healthcare

BIOLOGICAL STAIN COMMISSION SYMPOSIUM, 2011

It is primarily the control of transcription and
post-transcriptional processing that are critical to
the development and progression of sporadic

neoplasias

William E Grizzle

Department of Pathology, University of Alabama at Birmingham, Birmingham, Alabama

Control of the growth, progression and dissemina-
tion of sporadic neoplasia primarily is by the regu-
lation of transcription, e.g., epigenetic control by
methylation, development of somatic mutations in
genes, post-transcriptional processing and modula-
tion of translation. While the initial sequences of
genes are important, such contributions to risk are
relatively modest (Grizzle et al. 2012a,b, Srivastava
and Grizzle 2012).

According to Grizzle et al. (2012a), many neo-
plastic lesions develop in the setting of longstand-
ing continuing damage, inflammation and repair
(LOCDIR). The dynamic environment of LOCDIR
causes continuing cellular proliferation for which
the normal genes, typically involved in embryo-
logic development, normal repair, and responses to
damage to tissues, begin to predominate and may
become dysregulated. With dysregulation, control
of proliferation and cellular death may partially be
lost and changes in important regulatory and repair
genes, such as microsatellite DNA repair genes,
may develop. This becomes a cycle as these changes
increase further the chances of mutations and/or
dysregulation of genes. For example, mutations in
microsatellite repair genes are observed after about
one year of ulcerative colitis, but not other inflam-
matory diseases of the colon (Brentnall et al. 1996,
Grizzle et al. 2012a).

Once neoplastic lesions begin to develop,
the neoplastic cells hijack and modify normal
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pathways of repair and embryological growth and
development. Changes in the control of these path-
ways promote survival, growth and progression
of neoplastic cells. This process includes increased
proliferation and neovascularity of tumors as well
as improved survival of neoplastic cells owing to
decreased cellular death, e.g., changes in autophagy
and/or apoptosis. Important to these processes are
autocrine, paracrine and endocrine stimulation pro-
vided by signals from microRNAs (miRNAs) and
other regulatory molecules including access to these
molecules by exosomes and related vesicles whose
contents increase proliferation, inhibit apoptosis,
increase angiogenesis and decrease immune sur-
veillance of tumors (Zhang and Grizzle 2011, 2013).
Thus, in neoplastic development, humans have
almost all the genes, regulatory pathways and
mechanisms for signal delivery required to support
the progression and dissemination of tumors; their
selective expression and utilization needs only to be
turned on or off for neoplastic processes to proceed.

In general, post-transcriptional processing of
genetic information includes pathways and pro-
cesses by which pre-RNAs produced from DNA
are spliced and the resulting mRNA is edited and
degraded. Also, factors that control the translation
of mRNA into proteins increasingly are understood
to be important for post-transcriptional regulation
(Blume et al. 2010). In addition, some proteins are
modified and degraded after their translation from
mRNA and/or are controlled by either their metab-
olism or other molecular pathways. For example,
levels of p27XiP-! are controlled primarily by S-phase
kinase associated protein 2, which is involved in
the ubiquitination of p27XiP1 and its subsequent
degradation (Skp-2). A protein also may be modi-
fied after translation, e.g., glycosylation, which may
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change its functions extensively (Probnjak et al.
2003, Moremen et al. 2012, Durand and Seta 2000).

The pre-mRNA produced from transcribing
exons and introns of a gene is modified by splicing
to remove the mRNA components from introns to
produce mRNA or multiple mRNAs by splicing of
the exon components. Thus, one gene can produce
many different proteins with different functions by
alternate splicing of pre-mRNA (Bingle et al. 2002).
The production of protein from a specific mRNA is
controlled by the rates and degrees of degradation,
and by editing of mRNA (Li et al. 2011); a protein
cannot be produced from a gene if the transcribed
mRNA is degraded before translation. MiRNAs
affect the rate and extent of degradation and the
translation of mRNA. Effects of miRNAs on transla-
tion may result in increased or decreased production
of protein (McNally et al. 2013). When an mRNA
begins to interact with a ribosome, the translation
of the mRNA may be affected at the internal ribo-
somal entry sites (IRES), which may be modulated
by various endogenous proteins, small RNAs and
drugs (Blume et al. 2010).

MiRNAs are small RNAs that are produced
from areas of the DNA that are not transcribed into
mRNA. MiRNAs can be regulated by methylation
of their gene control elements and typically bind to
the 3’ untranslated areas of mRNA. Their binding to
mRNAs is a major regulatory feature that controls
the degradation of mRNAs. MiRNAs may suppress
oncogenic features (suppressamiRNAs), stimulate
oncogenic features (oncomiRNAs) or modulate the
ability of neoplastic cells to metastasize (metasta-
miRNAs) (Cho 2007, Esquela-Kerscher and Slack
2006, Hurst et al. 2009). More details concerning how
miRNAs affect post-transcriptional regulation of the
development, progression and metastasis of neopla-
sia are described in the articles of this special issue.

Analysis of miRNA in tissues presents multiple
challenges. One challenge for studying the involve-
ment of miRNAs in various cancers is the choice
of control tissue. Frequently, when miRNAs are
studied in a specific type of neoplasia, control tissue
with which malignant lesions are compared may
not represent the tissue from which the tumors
developed. This is a challenge especially when the
cells of origin of a tumor are controversial, such as
ovarian papillary serous carcinomas, e.g., ovarian
surface epithelial cells vs. cells of the fallopian tubes
vs. cells of ovarian microcysts. Similarly, when con-
trols are selected for colorectal cancer, cells of the
epithelium of normal or uninvolved colorectum
should be the control rather than the cells from
the entire wall of the colorectum, which includes
smooth muscle. In addition, areas of the colorectum

vary biologically owing to differences in embryol-
ogy, vascular supply and drainage, function, ther-
apy, i.e.,, colon vs. rectum, as well as molecular
features (Manne et al. 2012). For example, tumors
with mutations in microsatellite DNA repair genes
usually occur in the proximal colon. Thus, the choice
of controls for colorectal cancers may be complex.

Another challenge for analyzing the association
of miRNAs or other molecules with specific cancers
is the mixture in a tumor of non-neoplastic cells,
which are prominent components of some tumors
(e.g., lymphocytes) as well as some control tissues
(e.g., colonic mucosa). Because all cells in tumors,
both normal and malignant, produce miRNAs, anal-
ysis of miRNAs, may require exclusion or reduction
of non-malignant cells in the specimen that is ana-
lyzed. This may be a greater problem with control tis-
sues in which inflammatory cells cannot be removed
without laser capture microdissection (Fig. 1).

A third challenge is to determine and select
an optimal sample in which to measure miRNAs.
For example, in some cancers and controls, such
as those from pancreas, enzymes may destroy
miRNAs rapidly. Similarly, because they are small
molecules, miRNAs may be lost by diffusion from
tissue samples during processing steps such as
staining frozen sections to select tumor cells for
microdissection, or when paraffin or frozen sections
used for extraction of RNA are too thin (e.g., <10
um). Frequently, investigators use tissue in which
miRNA can be detected rather than determining the
optimal type of tissue for miRNA measurements.
Continuing questions include whether miRNAs
should be measured in fresh, frozen, fixed or fixed
and paraffin embedded tissues and whether the
optimal specimen varies with the specific type of
tissue and/or with specific miRNAs. Such issues
are evaluated inadequately in most studies.

Even with these challenges, miRNAs have been
associated with the diagnosis of specific neoplastic
lesions, and with prognosis, clinical outcomes and
responses following specific therapies (McNally
et al. 2013, Bovell et al. 2013, Jones et al. 2013).
Of increasing interest is the use of miRNAs for
early diagnosis of cancers including selective mea-
surement of miRNAs within exosomes and related
vesicles. For example, miRNAs in exosomes have
been used for early detection of multiple cancers
(Zhang and Grizzle 2011, 2013). In addition, engi-
neered short segments of RNA (antagomiRNAs)
now are being used to target specific miRNAs for
potential therapeutic uses (Kriitzfeldt et al. 2005).

This special issue of Biotechnic & Histochemistry
is based on the Scientific Session of the 2011 Annual
Meeting of the Biological Stain Commission. Our
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Fig. 1. Samples of tumors and uninvolved or normal tissue (i.e., controls) frequently are composed of heterogeneous cell
types. MiRNAs can be secreted by any of these cell types and thus may complicate interpretation of measurements of
miRNA. A) Malignant breast cells (red arrows) adjacent to lymphocytes (blue circle). Original magnification X 100. B) Foci
of malignant breast cells (red arrows) intermixed with uninvolved breast cells (black arrows) and lymphocytes (blue circle).
Original magnification X 400. C) Uninvolved breast cells (black arrow) surrounded primarily by lymphocytes (blue circle).

Original magnification X 400.

focus is on the effects of miRNA in the post-
transcriptional regulation of mRNAs and how
miRNAs affect neoplasia.

We begin with the review by McNally et al.
(2013), which describes the post-transcriptional
regulation of genetic information and includes
the basics of miRNAs from their synthesis to their
involvement in the development and progression
of neoplasia. Specifically, how miRNAs are named /
designated and delivered (e.g., by exosomes), how
miRNAs modulate mRNAs, and the importance of
miRNAs in cancer are reviewed briefly. Also, the
effects of other non-coding small RNAs on cancer
and cancer research are described.

The article by Dr. Ajay Singh and co-inves-
tigators reviews current and future methods by
which miRNAs can be measured and analyzed.
This article also discusses briefly the importance of
miRNAs in cancer. Methods discussed include real
time, reverse transcriptase, quantitative polymerase
chain reaction (RT?-Q-PCR) including modifications
of RT2-Q-PCR to permit rapid, concomitant screen-
ing of most miRNAs (Srivastava et al. 2013).

The article by Dr. Upender Manne’s group
describes how miRNAs affect selected cancers and
how they can be used as biomarkers for diagnosis
or for determining prognosis. They describe stud-
ies in which miRNA has been measured not only in
blood, but also in urine and saliva. Also discussed
are how miRNAs affect chemoresistance of various
neoplastic lesions and how miRNAs may be impor-
tant for medical advances (Bovell et al. 2013).

The article by Dr. Clayton Yates” group reviews
the effects of post-transcriptional regulation of pros-
tate cancer (PCa) by miRNAs. Differences in prostatic
cancer (PCa) in African Americans vs. Caucasian
Americans are described. The actions of miRNAs

in PCa as oncogenes (oncomiRNAs), modulators
of metastases (metastamiRNAs), and as suppressor
genes are described with special emphasis on
post-transcriptional regulation that leads to more
aggressive forms of PCa. Also, these investigators
review previous reports of differential expression of
miRNA-1b-1, miRNA-26a, miRNA-30c-1, miRNA-151,
miRNA-219, and miRNA-301 in prostatic adenocarci-
nomas of African-Americans and report confirmation
of differential expression of miRNA-26a in prostate
cancer cell lines derived from African Americans
compared to cell lines of prostate cancer derived from
Caucasian Americans (Jones et al. 2013).

The study from the laboratory of Dr. Lacey
McNally reports the differential expression of miR-
NAs between ovarian papillary serous (OSC) carci-
noma cells in ascites and matched metastatic lesions
in the omentum. In cells isolated from ascites,
the expressions of miRNA-21, miRNA-31, miRNA-
100, miRNA-141, miRNA-214, and miRNA-483
were increased and the expressions of miRNA-10a,
miRNA-146, miRNA-183, miRNA-196a, miRNA-
382, and miRNA -501 were decreased compared to
matched omental metastases. They also describe
differences in chemoresistance of ovarian papil-
lary serous carcinoma and associated changes in
miRNA-21 and miRNA-214. They noted that expres-
sions of miRNA-21 and miRNA-214 were correlated
with loss of PTEN, a target of miRNA-21, and resis-
tance to platinum therapy in OSC and note that this
observation has been reported for other types of
cancers (Frederick et al. 2013).

Another article by Dr. McNally’s group reports
that the regulation of the expression of insulin-like
growth factor 1 receptor (IGF1-R) is regulated by
miRNA-100 in pancreatic cancer. MiRNA-100 and
miRNA-138 were expressed differentially in cell lines
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of pancreatic cancer that have the potential to metas-
tasize compared to pancreatic cancer cell lines that do
not metastasize. Similarly, IGF1-R was correlated with
differential expression in potentially metastatic pan-
creatic cancer cell lines and miRNA-100 was found to
regulate IGF1-R in these cells (Huang et al. 2013).
We hope this issue of Biotechnic & Histochemistry
will be useful to readers who are not well versed in
this important area of biology as well as investiga-
tors who are just beginning to work with miRNAs.
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